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TnE English translation of Mr. ^fred Niasaet's " La 
Pile Eiectrique " ecareely requires my commendation to 
1-ender it acceptable to the Engliah-epeaking community 
interested in the subject, since the author's name is bo 
well known to electricians. 

This work will serve to guide the uninitiated in the 
choice and management of batteries, and even the profes- 
sional electrician may find not only new matter but even 
pld material presented in a new form, and worked to new 

ivelopments. 

Telegraphers generally will Hiid many of their fre- 

lently recurring problems solved in its pages, and its 
perspicuity will save both inventor and investigator from 
making useless experiments or errors, while at the same 
time the work offers to all new fields for careful research. 

Although the subject treated is so useful and interest- 
ing, yet this is, 1 believe, the lirst time it lias received 

;ch recognition in Englisli as its importance demands. 

The translator was happily iitted for his task, liaving 

idied under the direction of the author himself, and 

ith whose sanction ho nndertook his task, 

Gko. d'Infketille, 
Electrician, Western Union Telegraph Co. 

Nifw YuEK. July 23, 1S80. 
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PEEFACE TO THE ENGLISH EDITION. 



Tlie work wliich we here present to the public is in con- 
formity with the second French edition of a book the first 
edition of which appeared in 1878, and wliich has been 
eshaiiBted in less tlian two yeai-s. 

No other treatise npon the "Electric Batterj" ]ias 
hitherto been pnbhshed either in Enghah, French or Gei'- 
man. It has appeared desirable to meet this need, and to 
ofEer a complete gnide to those wlio wish to thoroughly 
study or even to improve upon batteries, which are to-day 
so extensively applied to different nses. 

The order that the author has adopted in bis exposition 
is in some sense obligatory. Single-liquid hattenes are 
the first, histoiically and logically, to present themselves. 
In connection with this first part are naturally placed the 
exposition of principles, definitions of terms, and the 
study of the phenomenon of polarization, wherein lies the 
whole difficulty of the subject. 

Next in order come two-liquid batteries, in which polari- 
zation is suppressed or reduced according to cireumstanees. 
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PART I. 
3INGLE LIQUID BATTERIES. 



OHAPTEE I. 
INTRODUCTION. 



A BATTEEY, OT pUe OS it is sometimeB called, is an ap- 
ratus arranged to farnifili a coutinned flow of electricity, 
to which the name of " electric current" is given. 

If one should wish to make a complete enumeration, 
it would be neceesarj to nute : 

1. Hydro-eledrie batteries, to the study of which the 
ait work is devoted ; 
' 2. Then/io-dectric batteries, ivUich have as yet received 
^t few applications. 

It may be well to state, however, that batteries are not 
lie only apparatus able to produce currents ; certain mar 
jjines produce effects exactly Eimilar. 

ORIGIN OF THE NAME OF PILE. 

J'he word pile, though not as frequently used as the 

i hoMery, is, however, more correct. 
The invention of electric piles is due to "Volta, Profes- 
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ear of Natural Philwophy at Pa,rvia, and dates from the 
year 1800. 

One of the first that he couetrueted was composed of 
a certain number of discs made of zinc, copper, and 
dothpiled one apon another. In all courses of natural 
philosophy models of Volia^s jnle are shown, and 



Pig. 1 shows the appearance of the inBtmment called 
the column-pile, which has to-day but an historical in- 
terest ; it is a pile of discs.* 

FIRST IDEA OF THE PILE, 

OB BATIEBY, AS WE SHALL HEBEAFTEB CALL IT. 

If you immerse a tliin plate of commercial zinc into 

■ This flgure is a fac-eimile of the first cut published of the bat- 
tery. The original cut is to be found in the " Philosophical Trona- 
ftctions" for 1800: 



bleB 
fcn>1 

■non 
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dilute Bulphnric acid, a very lively action takes place ; 
the zinc diflsolves, and a considerable quantity of liydro- 
gen ia given off. It is indeed this process wliicli is gen- 
erally employed in the preparation of hydrogen gas. 

Bnt if, instead of ordinary zinc, which contains im- 
purities, zinc rendered perfectly pnre by distillation be 
employed, the action takes place very slowly, the bub- 
bles of hydrogen remain attached to the plate of zinc and 
►tect it from further action of the acid. 
If a thin plate of platinum, or a platinum wire, be 
now placed in the same, as soon as the two metals touch 
at one point the action becomes extremely energetic ; the 
zinc dissolves and hydrogen is given off, but from the 
)latinnm and no longer from the zinc. 
As soon as the contact of the two metals ceases, all action 
in the zinc and all giving off of hydrogen are suspended. 
This important experiment, clue to De La Rive, throws 
great deal of light upon all that follows. It is equally 
ICcessful when yon substitute for the platinum silver, 
ir, or even iron ; it gives the same result wiien tho 
have their point of contact either in the liquid or 
of it. 

permits us to explain the difference in the action of 
the sulphuric acid upon pure zinc and impure zinc ; the 
heterogeneous particles (of iron or of other metals) found 
at the surface of commercial zinc play the same part as the 
platinum. You will observe, in effect, that the hydrogen 
is only given off within very limited points, and at the 
of a certain time the surface becomes rough, which 
B that the attack has been more active at some points 
at others, 
t us resume the fundamental experiment of De La 



HINOLK LIQfrO BATTERIES. 

Suppoee the two nietals to have their point of oontai 
tiot in till! liquid biit mtt of it, ae Fig. 2 represenfc 
Tho iilmuiical actioQ takes place in the liquid, ae state 
alxive. 

It also takes place if, instead of bringiDg the two plat* 
of ititstal iTito diret-t contact, you put one upon the u] 
per part of the tongue and tlie other upon the under par 




You will experience a slight sensation like that of i 
feeble electric shock, and also a peculiar ta^te. 

If you place upon tho dry part of the zinc a strip ( 
pajwr dipped iu lotlide of potassium, and then touch thi 
dainpemtl (wiier with the platinum, a blue spot is im 
diately produced, whidi sliows that the iodide has t 
de<!«nipose«l and iodine set free. 

These experiments can also be made if yon attach 1 
the wuc and ptatinuiu two wires ^indeeii very long <hv 
may be used), and oj^erate with the two looee entk. j 
yon place one of these in the iieighboiiiood of a freet] 

■puded utagtkotic iieedks you will notice that T 
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)edle deviates slightly from its nortli-eoutli direction as 
K>n as the contact is established between the two loose 

s of the wires, 
[ These different obaervations prove that a singular 
1 takes place in the two wii-es, which is tlie 
jaiise of various actions, physiological (upon the tongue), 
diemical (upon the iodide of potassium), magnetic (upon 
the needle). 

The analogy of these phenomena with those which 
electric machines witii circular glass plates produce, and 
which were known long before, is easy to comprehend. 
jaid that an electric current runs over the wire, and 
an see from its effects that it is continual. 
L The two metal plates immei-Bed in the liquid (Fig. 3) 




Fro. S. 



are called electrodeJi y the wii-es, long or short, attached 
to electrodes, and which permit the transference to a dis- 
tance of the effects produced by the battery, are called 
>phores. 
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The rheophores are generally short, and often end in \ 
longer wire, cccc, to whicli the name of conductor i 
given. 

The name circuit of the enrreut is applied to th* 
whole, formed by the hattery, the rheophores, and tbs 
Bolid or liquid conductor tlirough which the cnrrenj 
passes. In the experiments mentioned above, the tongue 
and the paper dipped in iodide of potassium formed part 
of the circuit. 

Every apparatus which produces a current b indeed ■ 
JtaUery. However, the simple apparatus mentioned above 
(Fig. 3) is, to be more exact, a cdl, or an element, of % 
battery, and a number of these cells grouped together & 
pi-operly a battery. 

It ia said that the circuit is open when at any poiof 
whatever the conductor be disconnected ; all the effect! 
of the current then cease and the current does not drew 
late. The current is closed when the two parts of t 
conductor, which were separated, are brought into coa 
tact with each other and the current commences to flow 

It is said that a battery is in sAort circuit when i 
conductor connecting its poles has a null resietance ; i. 
is, when it is very short. We will frequently have o 
sion to use this expression in the course of the j 
work. 

It has thus come to be said that, in the conductor, i 
^v/rrent flown from, the posUiroe pole of tfw battery {-\-p\ai 
of copper) to the negative pole (-plate of zinc) ; a transfer 
ence of a peculiar fluid from one to the other of thas 
points is thus implicitly admitted. Let us say, in paa 
ing, that this way of looking at things, after having b 
abandoned in science, shows a tendency towards reaccept 

ee with a few changes, so that the conventional 1 
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PKOPEETIES OF AMALGAMATED ZINC. 



^Bttage, which had not been changed, find^ itself again in 
Hbccordanec with the theoretical ideas admitted. 

The cell formed of the electrodes of ziiic and copper 
immersed in sulphuric acid is more particularly knowu 
nndei- the name of Voita ; by changing the nature of the 

ruid and the electrodes, you can obtain an indefinite 
mber of cells which produce the same kind of energy. 

We have shown, in that which precedes, how differ- 
ently the pore zinc and the ordinary commercial zinc act 
in the voltaic cells. 

The result is tliat when pure zinc is employed there 
is no local current at its surface, and that the electricity 
■wliich is produced paasefi entirely into the circuit be- 

■een the poles, and also that the hydrogen is given ofi 

im the copper. 

If, on the other hand, impure or commercial zinc be 
employed, the giving ofi of hydrogen takes place, for the 
most part, upon its surface ; there is reason to conclude, 
from this, that a very large proportion of the chemical 
action is lost for the production of the electric current. 

Thus, in the eonstniction of batteries, the use of pure 
zinc presents very important advantages ; but the price 
of Hub material is almost fabulous, and it can almost be 
called a curiosity of the laboratory. 

Happily, a very simple artifice has been discovered, by 
whidi tlie properties of pai-e zine may be given to com- 
mercial zinc. It Buthces to amalgamate it — that is, to 
ipread mercury over its surface in such a manner as to 
" irm a layer of amalgam of zinc. This amalgam is an 



wni 
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alloy, or, id other words, a combiostioD of zinc and nie^ 
cury. 

The experiiiicDt sliowe that the ainalgamated zinc im- 
mersed in Bulphuric acid diluted with water, is scarcely 
attacked, and if it be employed ae the powtive electroda 
of a voltaic cell, it occasions no local actions ; the giving 
off of hydrogen takes place entirely upon the negative 
electrode, of copper or platinum. 

In short, amalgamated ^ine presents, for use in bat. 
teries, the same advantages as the chemically pnre zim 
and with a few exceptions zinc slioiild always be anialg&> 
mated. 

INCOKSTANCY OF SIMPLE BATTERIES. 

All the cells of which wc have spoken, formed of twi 
electrodee immereed in a liquid, present an immenee 
drawback ; namely, tlieir action decreases veiy rapidly 
from the beginning of the action. 

The causes of this decrease are twofold, which we wil 
analyze summarily here. 

The first is the loss of acid from the dilution. It cai 
be easily miderstood that water acidnlated in the propor- 
tion of 1 to 100 will act less energetically than water 
acidulated in the proportion of 1 to 10. This cause at 
the weakening of the battery is not felt until the espira- 
tion of a certain time, and it is easily avoided by adding, 
from time to time, acid to the dilution. 

The second is the deposit of hydrogen upon the cop- 
per. If the current be interrupted during a length of 
I lime sufficient for the freeing of the hydrogen, it will be 
I fo, as soon ns the current is again closed, that the in- 
' ty aesunies its original worth ; it suffices indeed to 
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agitate tlie plate of copper in order to cause the gas to 
fj-ee itself and to give to the current ita initial iiitenBJty. 

Constant batteries are those in which this second cause 
of weakening, called ^larisation of tlie deotrod^-, is re- 
moved. The pi-esence of the hydrogen npon tlie elec- 
trode opposes a double resistance to the passage of the 
current, a passive resistance and an active i-esistance; 
it is the latter that is properly eaUed polarisation of the 
electrode. To depolarise the ehctrode, is to provide 
against these resistances by suppressing the freeing of 
liydrogen. 

It is very important to comprehend perfectly every- 
tliing pertaining to this question; therein lies the whole 
difficnlty concerning the improvement and pei-fecting of 
batteries. We will return to it in the coui-se of our ex- 
position. 

Various reasons have combined to designate the poni- 
tive electrode as that one which represents the negative 
pole of the cell (zinc, in Volta's battery), and negative 
electrode as that one which represents the positive polo 
(copper or platinum, in the cells which have occupied ub 
up to the present). 

One of these reasons has been indicated above, which 

is tliat the current enters the liquid of the battery by the 

negative pole, and goes out hy t!io positive; in other 

rords, the posititie electrode is that by whicii the elec- 

Ity enters the cell. 

However excellent may be this reason and tliose which 
will give further on for the choice of these denomi- 
nations, it is not to be denied tliat they are difficult to 
employ. In reality, this difficulty may be avoided by 
speaking of the positive pole and negative pole, when 
you want to designate the corresponding electrodes ; that 
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is wliat the majority of practical men do. Bat if yo 
wish to employ aliBolutely correct and ecieVtific t 
take great care not to apply them wrongly, as you wi 
only arrive at confusion by an awkward research for pn 
cision in the language. 

We find in the excellent book, " Daniell's Introdactia 
to Chemical Philosophy," another denomination whic 
ought to be employed more frequently tlian it is, becaiu 
it presents the expression of a fact and does not depea 
upon theoretical ideas, which are always open to disca 
sion. 

He calls the generatingi dedrode that one which plaj 
a part in the chemical action ; it is the zinc in the ce 
that we have considered. 

He calls the eonductmg electrode that one which is no 
attacked, and which serves, however, to complete the ceu 

The first can also be called sdliMe electrode. 



BATTERY CELLS JOINED IN INTENSITY. 

We have described above tiie moat simple cell that ( 
be prepared, composed of two electrodes of copper a 
zinc imraei-sed iu acidulated water. 

The cell of Volta's column-battery does not diflfer 
sentiaUy from this one ; it is composed of two discs, t 
of copper and the other of zinc, separated by a circnl 
piece of cloth saturated mth acidulated water. 

Two " rheophores," or copper wires, are soldered 
these two discs and conduct the current, to apparat 
upon which it is to act- 
But as we have summarily indicated from the coi 
nent, Volta placed upon this fii-st group of thi 
» (zinc, wet cloth, copper) a second group eutirel 
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identical and disposed in the same order ; then a tliird, a 
fourth, and so on. 

Tliese dis(!H, in various quantities, the one at the top 
being of copper and the one at the bottom of ziiic, con- 
Gtitute the battery of Volta, 

Volta discovei-ed, by delicate means, that the force of 
the current increased as the number of cells was aug- 
mented, and made one of the most brilliant inventions of 
modern times. 

He thus showed that it waa possible to add one source 
of electricity to another and to a third in such a manner 
as to obtain a multiple souree of an indefinitely increas- 
ing power. 

Although three quarters of a century have passed since 
tills discoveiy, it is not certain whether all of its resources 
have been exhausted, and it is probable that unlooked-for 
consequences may yet be brought to light. 

kit is remarkable that he made at the same time an 
vention and a discovery ; he invented an apparatus, a 
acliine, an implement, which has received and will re- 
ceive many applications : at tlie same time lie discovered 
one of the most fruitful principles of physics, to which 
he opened a new road. 

J£ you should wish to show the increase of force of a 
battery with the number of cells or groups of three discs, 
the most simple means consists in causing the current to 
act upon a galvanometer or detector. The deflection of 
the galvanometric needle would be seen to increase in 
proportion to the number of cells ; that is indeed a funda- 
il truth, verified by experiments at every moment, 
e copper electrode of the cell of Volta (Fig. 3) is the 
■Uhe ^ole, the zinc electrode is the neyatvoe pole of 
3 cell. 
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When the cells are piled np or joined in inteneitj a» 
in Volta's battery, the jxt^iiiiv pole of the battery is that 
of the laat cell, and the negative pole is that of the first 
eelL 

In order to give an exact definition of \ke pontive poU 
of a haitery, or of a cell of a battery, it is necessiry to 
fay that it is that one whence the coirent etarte circa- 
Uting in the exterior conductor, and that the negative 
pole is that one towards which this same corrent flows, s 
shown by the arrows. Fig. 3. 

To be complete, it lunst be added how the direeti(W 
of the cnrrent may be rect^nized. The wire throng 
which the cnrrent Sows being placed directly over i 
freely snspended magnetized needle, causes the north 
pole of the needle to deflect towards the west, when t 
current flows from sonth to north. 

Theee prelintinaries being established, we may eutca 
apon the description of the principal arrangements c 
y oha'a Battery. 



CHAPTER II. 
'tHE VOLTAIC BATTERY AND ITS DERIVATIVES. 



COLUMN BATTERY. 

rVfB have described this battery in the preceding 
"We add that it may be vaatly improved npon by 
soldering the disc of copper of each cell to tlie disc of 
zinc of the following cell; all faulty contacts of the 
metal plates are thus avoided. 

Tlie discs of cloth should be smaller than the metal 
diecs. It ie noticed, however, after a short time that the 
weight of this column squeezes out the liquid from the 
cloth ; this liquid runs out over the edges of the discs 
and soon disappears, so that the battery rapidly weakens, 
and after a certain time produces no effect whatever. 



^nie 



VOLTA'S "COURONNE DE TASSES." 

It is generally admitted that tlie column battery was 
first one that Volta arranged. This is, however, not 
correct ; the " couroune de tasses" was the first ; and 
according to us is much preferable. A series of glasses 
or cups were placed in a circle, fomiing a kind of a 
crown ; plates of copper and zinc were so arranged tliat, 
being connected at tlie top, the plate of zinc was placed 
in one cup and the plate of copper in the next. 
"This battery is truly the model of all those existing 
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II be our model for reference in the deBcrii 



to-day, and 
tion of others. 

It is interesting to note tliat Voltii did not think o£ tl 
cohinm-battery Hiitil afterwai-ds, and then it was with 
view to produce an instrument that might be eaaily trail 
iwrted into hospitals for ujedicul 
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CRriKSHANK'S BATTERY. 

This battery iu composed uf a wooden trough, inter 
naUy coated with mai-ine glue and divided into cellfl 
separated by metallic partitions ; these partitions ate 
composed of two thin plates, one of zinc and the otheP 
of copper, soldered together. Tiiey are an-anged in end 
a manner as to have all the plates of zinc on the same 
side and all the plates of copper on the other. The celb 
thns disposed in the wooden trough are nearly filled wit] 
acidulated water, and if they are water-tight the batte 
thus constructed is very satisfactory. 

It is not necessary to enumerate the inconveniences 
Cruikshank^s battery, which is no longer in use ; yi 
would only point out the impossibility of changing tl 
plates of zinc when they have been partially destroy* 
by the action of the acid. 
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WOLLASTON'S BATTERY. 

The difficulty mentioned above is not to be found in 
the battery combined by Wollaston, 

The pairs of metallic plates (zinc and copper) are at- 
tached to a croae-bar of wood, which allows them to be 




Pro. S. 
lifted out or immersed all &t the same time in the glass 



This arrangement is excellent, and is still employed 
-Tery frequently. 

t- Wollaston made another change in the combinations 
' adopted before his time : he placed the plate of zinc in 
the centre and surrounded it with a thiu sheet of copper, 
thns giving to the negative element a Burface double that 
of the zinc. The reaeons of this disposition are several, 
, upon which we will i-emark : 

1. When two plates aie immersed in a li(\(ivd, tKa 
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r two sides facing each otlier alone combine in producing 
[ the current ; the otlier aides conid be covered with an 
insulating coating without notably diminlBhing the cur- 
rent. In Wollaston'e dispoBition, the two sidea of the 
zinc become active. 

To this it might be opposed that an inverse disposition 
would present the same advantages, and that a plate of 
copper might be placed between the two plates of zinc 




fill. 5 . Fio. S . 

o as to make use of the two sides of the copper and only 

I the half of the surface of the zinc. But as the zinc is 

I subject to local action or waste, its size should be reduced 

^to just that amount which is requisite to maintain the 

I current required. There is, ou the other hand, no dis- 

tage wliatever in inei-easing the imnierged surface 

f the copper, as this metal is not attacked by the dilute 

Milphurie acid. 

There is, we repeat, an advantage in reducing the sur- 

{ the zinc as much as possilile ; for when the battery 

Ise and the electro<les, however, remain immerged 

id, tJie attack upon the zinc continues, although 
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with less intflDBitj, and this dissolving of the zinc is pure 
loss. As this waste is evidently m proportion to the 
imraerged surface, it ia best to have the least possible 
surface of zinc ; or better, to have no part of that sur- 
face which may be useless for the producing of the car- 
rent. 

2. "We Iiave stated above that hydrogen is given off 
from the positive electrode, and that this polarisaiion of 
the electrode was a cai^e of weakening of the current of 
the battery. 

If the hydrogen would free itself as it is generated, the 
production of the electricity would not be perceptibly 
diminished ; but it does not free itself — that is, not wholly — 
and what remains, tends to reduce considerably the inten- 
sity of the current. It is evident that the smaller the 
surface the more rapidly a certain quantity of hydrogen, 
l)eing produced upon the positive electrode, will act ; in 
other words, the larger tlie surface to be polarized, the 
more slowly the effect of the polarization will be felt. 

This is the second reason given for the disposition of 
WoUaston, in which the surface of the zinc is entirely 
surrounded by the surface of the copper. We wiil re- 

Itam to this subject farther on, in speaking of the action 
1^ tlte air upon batteries. 
It 
each 



SPIRAL EATTEKT. 



\ The two electrodes of tliis battery are rolled parallel to 
■each other in the form of a Lelix, and separated by a 
tissue of osier ; in the centre is a wooden handle to which 
the whole apparatus is attached, and by which it may be 
Ufted. It is immersed in a bucket of acidulated liquid 
and thus you have electrodes with very large surfaces 
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Beparatcd by a very short distance ; the interior reeistai 
of tiie battery is consequently uioch reduced, and tl 
quantity of electricity produced very considerable. 

Tliia battery presents some of the advantages of tl 
of Wollaeton, inaemuch as Iwth surfaces of the zinc 




Fis. B. 



tiBed ; on the other hand, both surfaces of the copper a 
also used. 

Cells of this description may be joined in intensity 
those of an ordinary battery ; but they wei-c more fi 
quently used separately. 

TLb spiral battery has indeed been entirely abandooi 
since tlie inventions of Grove, and Bunsen of PoggO 
dorff (with bichromate of potash). 

MUNCKE'S BATTERY. 



battery being cnmbersome and unwield 
the illustrious Faraday, and others il 
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agined various ingenious arrangements for joining a large 
number of cells in a email volume. 

In Muncbe's ai-rangenient, the parts where the elec- 
trodes of zinc aiid copper are soldered together are placed 
Tertically ; they are divided into two series, the one fit- 
ting in the other as Fig. 7 repi-esents. 

This battery, and the one arranged by Faraday, which 



I 




differs from it very slightly, were employed for several 
years in laboratories, as the whole battery could be im- 

^^ncrged in one trough, which was very convenient. They 

^Bue completely put aside to-day, 

^aiv 



SAND BATTERY. 



This battery is compoBcd of a trough made of teak, 
ivided into cells by partitions of slate or of wood ; to 
make It water-tight it is coated internally with marine 
glue. A plate of amalgamated zinc placed in one cell 
joined to a plats of copper in the adjoining cell, and 
)ting, at their point of contact, npon the partition ; the 
1b are then filled with sand saturated with acidulated 
iter. 
This battery is to-day abandoned, but it ^veaetAft,*L 
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many practical advantagee. It was used for a long t 
in the telegraph service, needing no attention for eevea 
weeks at a tiine, and was much more easily moved frfl 
one place to atiotlier, than batteries wherein the liqid 
might be spilled when carried about. 



NATURE OF THE CHEMICAL ACTION IN \ 
VOLTA'S BATTERY. 



All the batteries that we have jiiet descnbed diffi 
only in their arrangement from that of Volta's ; 
one we find the zinc, the copper, and the water acidnlat 
with Bulplinric acid. 

The chemical action is verj' simple. Under the inflijl 
eiice of the water and snlphuric acid, the zinc becomet 
oxydized; the oxide of zinc uniting with the acid pro- i 
duces sulphate of zinc, and the hydrogen of the water is 
given off upon the electrode of copper. 

Thus, on one hand we have the dissolving of a metal 
(zinc) in the liquid, and on the other the freeing of a 
metal (liydrogen) which is extracted from the liquid of 
the battery. Hydrogen, although gascouB, is considered 
by chemists as a metal. 

It will he seen, as we advance, that the action ia the 
same in nearly all batteries: diaeolving of one metal, 
freeing of another. On account of its importance in 
nature and in chemistry, hydrogen will, of all metals 
with which we will liave to do, be the one the most fre- 
quently freed under the influence of the batteiy. Far 
':om presenting an exception to the preceding rule, 
is a conflrmation and a capital example. 

our readera know that when they prepare bydl 
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gen gaa for use in laboratories, they place small bits of 
zinc in an appropriate jar with acidulated water. 

Since there is an attack upon the zinc without the 
intervention of any other metal, it can he Been that in 
all the fonns of Volta's batiery hydrogen gae will l)e 
given o£E and the zinc wiU be dissolved without closing 
the circuit ; that is, without tl»e production of electricity 
by the battery. This is one of the greatest faults of 
these batteries; tliey are consumed witliout doing any 
nsefnl work, like a horse wbo stands in the stable and 
eats without working. 

In will be seen, in that which follows, that nearly all 
batteries present this same difficulty ; there are, however, 
a few exceptions, upon which wo will bestow particidar 
attention. 

The hydrogen given off under the chemical action of 
the battery appears upon the negative electrode of cop- 
per ; it is seen in the form of hnbhles which rise and 
the liquid more or less rapidly. But in addition to 
lese visible bubbles, there is a large quantity of gas 
iposited npon the surface of the electrodes and which 
not seen. This invisible layer of gas is of great im- 
'portance in the study of batteries, and produces, as we 
have already stated, the polarization of the electrode. 
We are thus brought again to speak of this phenomenon, 
so important in the study of batteries, and of which it is 
the most delicate point. "We have taken the opportunity 
of showing how this injurious action may be overcome, 
«nd bow to obtain a partial depolarisation. 
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ACTION OF THE AIE UPON BATTEEIES. 

The air acts very favorably upon batteries on account 
of the oxygen it contains. 

At the time of the discovery of the battery, it was 
noticed that ordinary cells exposed to the air absorbed 
the oxygen, and that the current had a tendency to stop 
when there remained nothing but nitrogen. But obser- 
vation shows that the effect is due, not to the action of 
the oxygen upon the zinc, but to a depolarization of the 
other electrode. In the cells of Yolta and Wollaston, the 
action of the oxygen is experimentally demonstrated. 

It will be noticed that this depolarizing action is great- 
er in Wollaston's battery, which is a new reason explain- 
ing the advantages of giving to the negative or conduct- 
ing electrode a considerably larger sm-f ace than that of the 
generating electrode.* 

* These remarks are only correct when concerning single-liquid 
batteries. There is no action of air in batteries totally depolarized, 
like that of Daniell. 



CHAPTER III. 
GENERAL REMARKS UPON BATTERIES. 



IDEAS UPON ELECTEIO EESISTANCE. 

We have said that the moat simple way of showing 
the passage of electric CTirrents in a conducting body is 
to bring its force to bear upon a magnetic needle. 

Let us suppose that the conductor of a galvanometer, 
or of a simple detector, be inserted in the circuit of the 
current of a battery, and that the deflection of the needle 
be 25°, for instance. Kow if the circuit be lengthened 
by the addition of a wire, the deflection will be seen to 
diminish to 15", and if the cireuit be made still longer, 
the deflection of the needle will not exceed 10°. From 
this experiment several conclusions may be drawn : 

1. Tlie intensity of the current is less in the second in- 
stance than in the flrst, and less in the third than in the 
second. 

2. The inflnence of the additional wire being only 
passive, tlie reduction of the intensity of the current ia 
due not to the decrease of the generating force, hut to the 
inere;ise of the resistimce. 

These experiments give an idea of the resistance that 
conducting bodies offer to the passage of currents 
they also demonstrate that the resistance of a conductor 
I increases with its length. 

Very exact and oft-repeated measurements have 




ce that I 

i ; and ■ 

iductor I 
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that the resistance of a conductor is in proportion to its 
length and in inverse proportion to its sectional area. 

We will not dwell upon the demonstration of these 
laws, which are found in all works upon physics. It suf- 
fices for practical men to know the formulae of these 
rules which are constantly being applied. 

GENEEAL EEMAEKS UPON 
ELECTEO-MOTIVE FOECE AND EESISTANCE. 

In all machines in motion is seen a power or cause of 
movement; and there are also resistances which tend 
more or less to slacken this movement or to stop it alto- 
gether. Let us take, for instance, a windmill. The large 
arms, imder the pressure of the wind, cause the mill- 
stones to turn which crush the grain. In the working 
of the mill we see first a power, the wind, which pro- 
duces the movement. 

Then there is a resistance offered by the grinding; 
this resistance moderates the pace of the arms, and if the 
wind falls it stops them entirely. 

At first sight there are two mechanical elements ap- 
parent : the power or cause of movement, or motive force ; 
and the resistance, or work. 

A careful examination will show, however, that the 
resistance is complex, and that that offered by useful 
work, as the grinding, should be distinguished from that 
which is the result of the friction of the different parts 
of the machine in motion, and of certain secondary phe- 
nomena. All practical men know that a badly oiled rub- 
ber is sufficient to slacken the movement of a machine, 
or even to stop it ; all know the importance of friction 
in the different parts of the machine, and of the stiffness 
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ci the belt* and rope*. These inevitable causes of the 
slackening, which absorb a part of tlie motive i)ower at 
the cost of tlie useful work desired, are called paMtive re- 
sistances. Every one knows that these resistances should 
be diminished as much as possible, and that they cannot 
be totally suppressed. 

Attention should be called to the fact that in many 
cases tio useful work is done, and ttiat there then remain 
only passive resistances. If the miller takes away, his 
millstones and still pennits the mill to turn, it is evident 
that there remain only those passive resistances (friction 
and others) which are produced by the machinery remain* 
ing in motion. If all the machines of a lar|;e factory 
be discoimected from the motion-giving steam-engine 
and the engine continues to turn, there will only I>e 
present the motive force furnished by the engine itK<;lf 
and the passive resistances existing in the engine, in the 
shafts, and in the different agents of the trannfcfreiH^e of 
the movement which are still in motion. If now the 
steam-engine runs entirely alone, not being conneeted 
with any sliaft or any piece of maehinery outHide of it- 
self, we have not only the example of a system in whieh 
there are force and passive resistances, but also that par- 
ticular instance where these passive resistances are inhe- 
rent to the force-giving machine and inseparable from the 
production of that force. 

In a circuit through which an electric current flows, 
the same terms are to be found : first, a ioraa n^siding in 
the battery and which is called eb'Mro^rvoimn firrrc^ ; next, 
the work; and finally the passive resistaiHUis. The work 
may be found in the movement of the elapper-spring of 
an electric bell ; it may be in the movement of a tele- 
graph instrument placed at a great distance from the 
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battery ; it may be in the movement of an electro-mol 

or an electro-magnetic inaeliiiie which HftB a weight j] 
may be in a chemical decomposition pi'oduced by t 
passage of a current in tlie production of heat and ( 
Bequently of light in a voltaic are, etc. etc. 

Passive resietances are the results of the circulation 4 
the current in the difEerent parts of the eirenit. W^ 
have explained how their existence may be aecertaint 
and we have designated them by this one word resistatid 

If the current produces no real wort — that is, if tf 
circuit is composed solely of conductors without 
interposition of any apparatus which puts the curr 
to any use — the resistance is entirely passive. These c 
siderations explain and Justify the use of the word res 
ance applied to that property of reducing the intena! 
of the electric current which the conductors pos 
which we have demonstrated in the preceding chaptti 



ELECTKO-MOTIVE FORCE. 

The cause which proilueea the electric current we 
have called electro-tyiotvee force. Before going farther we 
will show several experiments, which will render the 
ideas upon this force nioi-e precise. 

Let us take a battery cell (Fig. 3 — zinc, copper, 
water acidulated with sulphuric acid) and cause the 
rent which it produces to act upon a galvanometer, and 
we will see that the needle is deflected, for instance, 
towards the right. If we change the communieationg 
of the battery with the galvanometer, the direction of 
the needle's deliection will be altered, which shows that 
the direction of the current in the galvanometer has been 

anged. 



the 
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But let UB consider the first cooditioiis : the needle is 
deflected towards the right. 

Let us now take a second battery cell, difEering in 
no way from the iirst, and insert it in the circuit. If 
the negative pole of the second be attached to the posi- 
tive pole of the Iirst, the two currents flow in the same 
direction and join each other; the intensity of the results 
ing current is increased, and consequently the deflection 




t the needle is greater. In these conditione the two 
• battery cells are joined in intennity (Fig. 8); they form 
!i battery of two cells. A battery of any nmnber of cells 
could thus be formed as we have stated above,, but that 
is not the point upon which we wish to insist; we only 
desire to recall the expression, battery cells Joined in 
inteneiby, and to deterniiiie its exact meaning, 
I Suppose now tliat the second cell be inserted in the 
tcuit of tlie fii-st ; by uniting the positive pole to the 
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positive pole, aiid the negative to the negative, in 

a manner as to have two poles of the same name endi 
at the galvanometer (Fig, 9), the needle will remi 
stationary. This is not to be wondered at, if it be 
raembered that the two cells tend to produce eqaal ci 
rents in opposite directions. It is quite natnral tl 
these currents balance each other, and that there ia : 
movement either in one direction or the other. It 



1 




said in this case that the two battery cells are o^med to 
each other, or are joined in oppoaitton. 

We have assumed, in the preceding, that the oppose^ 

cells were of equal dimensions. Each one acting aloiM 

would produce the same deflection of the needle, one 

■yards the right and the other towards the left ; both actinff< 

lultaneously in opposite directions cause no deflectioBi 

er : which is quite natural and easily understood. 

08 now vary the experiment, and place io tfal 
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same cirenit (Fig. 10) a Hmall voltaic cell in opposition to 
a larger one o£ the same nature ; tlie ueedie will remain 
Btationary, thoB showing that there is no cnrrent. This 
result will appear very gtrange to the uninitiated leader, 
and deserves to be dwelt upon. If they are made to act 
separately, they cauee the ueedie to deflect, one towards 
tlie right, tlie other towards tlie left. The current fur- 
nished by the larger one is mure intense than the current 




Via. 10. 

produced by the smaller one, as the deflections of the 
UL'edle show. But if these two cells be opposed to each 
other, the effect of one is counterbalanced by the effect 
of the other, and no current flows through the circuit. 
The conclusion of this capital experiment is that t/ie 
eleetro-nwtive farce of haUery <xUs does not depend upon 
their dimensions. 

I The above experiment may be slightly modified. When 
B of Clonal dimensions are opposed to each other, there 
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deflection of tbe galvjmometric needle. Yon may 
lift up tlie zinc or the copper of one of tlie cells, or even 
the zinc and copper together of one of the cells ; jon 
may, in a word, increase or diioinisli the immersed part 
of the electrodes of one of the cells, and still there will 
lie no deflection of the needle, and the electro-motive 
forces remain equal. 

To elucidate still further tliis eubject, we will present 
a few more experiments. 




Place two cells in opposition to each otlier, the one J 

■imilar to those of whidi we have spoken (zinc, eoppei-, 

I «nd dilute sulphuric acid), and the other differing but 

Lslightly in appearance (iron, copper, and dihite sulphuric 

Icid). The difEerence is tlte Bubstitntion in tlie second 

■* iron for zinc. A first trial will show tiiat the copper 

he positive pole in the second cell as in the lirst ; that 

« current flows from tbe copper to the iron in I 
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Becond, aa it does from tbe copper to the zinc in the first. 
Place them now in the eame circuit, in opposition to 
each other — that is, join the two zinc poles and connect 
the otlier two with the wires of a galvanometer (Fig. 11); 
the needle will be seen to deflect in the same direction 
as if the voltaic cell were acting alone, although the 
deflection is lees. We have a right to conclude from 
this that the first cell has a greater electro-motive force 
than the second, and that th^ substitution of iron, fat- 
zinc in Volta's battery would be detriTnental. 

In this experiment we have supposed the two cells to 
be of equal dimensions, and that the electrode of iron 
was the same size as that of zinc. We can now modify 
these dimensions. Let us suppose, for instance, that a 
very small voltaic cell be placed in opposition to a very 
large cell (iron^ copper, and acid), 

Tlie direction of the deflection will be the same as in 
the preceding experiment ; that is, the electro-motive 
force of the smaller cell is greater than that of the larger 
one. This new experiment proves again, and more dear- 
ly than ever, that tfie electw-'motive force of battery cells 
A>es not depend upon their dimenaions, hut upon the tna- 
teritda used in their composition. 



MEASUKEilENT OF ELECTKO-MOTIVE 
FOUCES. 



It has been seen how, by means of an ordinary galva- 
nometer, the electro-motive forces of different batteries 
may be compared. The method that we have need is 

led method qf opposition, because it eonsista in oppos- 
eqnal or imequal forces to each other. 
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It can be easily understood how the electro-moHw 
forces of different cells may thus be measured and tables 
of these forces made out. 

Let us take two batteries, A and B, of unequal electro 
motive forcee, A first experiment will show as, for i 
stance, that A is stronger than B, By opposing A to 2l 
we find that 2B is stronger tlian A. Let us now oppon 
2A to 3B, and if there is no deflection of the galvuno 
metric needle we may conclude that twice the electroj 
motive force of A is equal to three times that of B, < 
that A — f B, or, iinally, that A = 1^ B. 

It is seen that this method is general ; it maybe variei 
advantageously in different ways. We will not insia 
upon it any longer, as we only wished to show the poss 
bilitiea of these measurements and not the way to obtaid 
them. 

INTERNAL EESISTANCE OF THE BATTERY 

It has been seen from the foregoing that the condod 
tors outside of the battery offer a certain resistance t 
the electric movement, or, in other words, a resistance ti 
the passage of the current. 

"We will now show by several simple experiments tlia 
the battery itself ofEers a resistance to the current it pro 
duces. 

The elementary battery (Fig. 3) is made to act upon * 
galvanometer. Observe the deflection. Lift up gradual! 
^ne of the electrodes, and as the immersed surface 1 
nes less the deflection diminishes. 

9 result shows a decrease in the intensity of the ci 
' 8 onr former experiments have shown, howevei 
ectro-motive force does not vary under thea 
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cirenmstances, and that the otlier parts of the circuit do 
not change, we are justified in saying that the resistance 
of the battery has increased. 

The result would be the same if the two electrodes 
were lifted at the same time. 

The experiment may be made by separating the two 
itrodes from each other, still having the same extent 
o£ surface immersed. It is perhaps in this manner that 
the experiment is made tlie most clear. In these experi- 
ments the intensity of the current is seen to change with 
the distance that separates the two electrodes in the ti'ough 
of Uqnid and with the section of the trough. It may be 
ooncluded that battenes have an internal resistance in 
themselves, and that the resistance increases with the dis- 
tance between the electrodea in the liquid, and diminishes 
when, the im/mersed surfaces wre increased.. 

If the battery be considered as a force-prodncing ma- 
chine, it is not to be wondered at that it at the same time 
pi*oduces force and offei-s a resistance to tliat force. This 
condition is common to all machines; a part of the 
force they produce is absoi'bed by those passive resist- 
ances resultiag from the action of t!;e different parts of 
the machine. In a steam-engine, for instance, the fric- 
tion of the steam in the pipes, the friction of the piston 
in the cylinder, etc, etc., cannot be avoided. 

This resistance of the battery has to bo taken into ac- 
count in nearly all cases for the explanation of phenome- 
na and for the calculation of resnlts. 

It can be seen that of two batteries in which the elec- 
trodes are of unequal dimensions, the distance between 
them being equal in each, the one having the larger elec- 
trodes ofiers less resistance than the other ; and it can be 
esid Id gcneial that large cells, when cotupai-od withBinall 
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oiicB, offer less resistance, because the increase of snrface 
of the electrodes is greater than the increase of the dis- 
tance between them. 

The resistance of the batteries varies with the nature 
of the liquids in which the electrodes are immersed. It 
can be easily understood that all liquids have not the same 
spcciiic power of resistance. The conductivity of di- 
lute sulphuric acid varies with the proportions of water 
and acid mixed, and the greatest conductivity is found in 
a mixture of 29 parts of sulphuric acid (HSO*) for 71 
parts of water. It has been observed that it is this mix- 
ture which, in an apparatus for the production of hydro- 
gen, attacks the zinc the most energetically. 

TJiese reasons would lead to the use of this mixture in 
j)reference to all others in Volta's battery, and indeed in 
all others in which dilute sulphuric acid is used ; but this 
mixture, being that of about one part of acid (HSO4) 
for two parts of water, is not used in the practice, as it 
would be too dangerous to handle, and as it is also rather 
costly ; therefore the mixture of ten or twelve parts of 
acid for one hundred parts of water is adopted. 

It is understood that as. soon as a battery is put into 
working order and the chemical action takes place, the 
composition of the liquid changes, and consequently the 
resistance. 

We will return more than once to this important point 

VARIOUS WAYS OF JOINING VOLTAIC 

CELLS. 

We have seen (Fig. 9) how two battery cells of the 
same kind may be placed in opposition to each other in 
such a manner as to counterbalance each other. Let us 
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tinw take away the galvanometer that we had placed in 
HiB circuit of these cells and we will Btill have two cells 
Ined in oppoa-itUm. 

Let UB consider the two cells thus joined. If the gal- 
ronometer be put into communication, on one hand with 
the wire connecting the two positive poles, and on the 
other hand with the wires connecting the two negative 
poles, the passage of a very strong current M*ill be ob- 
, served. The currents of the two cells, which were at hrst 




Bed to each other, now flow together in the galva- 
Kwneter, The two battery cells are then said to be/owierf 
% quantity. 
Tlie metallic piece which connects the two zinc poles 
lay be considered as the negative pole common to both 
e]1s,-and the other as tlie positive pole common to both 
!»1Ib. 
It may be observed that the two cells ought to pro- 
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duce the same effectB as a single one, in which tlie cleft- 

trodoB would have a double eiirface, while the distance 
lietween them would remain the same. 

The internal i-esistanee offered by the two cells is only 
half of that offered by each one aloue, while the deetro- 
motive force remains the aame. This i 
lie demonstrated by placing a thii-d cell oi 
tlie eiune size and kind in opposition to Uiese 
two cells joined in quantity, Fig. 12. The 
galvanonietric needle does not deflect, which 
shows once more that the electro-motive forca 
does not depend upon the size of tlie elec 
trades, but solely upon their natm-e. 

There is, finally, a third way of joining 
these two cells ; namely, joining them in in- 
tensity, of winch we have ali'eady spoken. 
This manner consists in uniting Uie positive 
pole of one of the cells to the negative pole 
of the other. In this arrangement the electjx^ 
motive force of the two taken togethra- i 
double that of each separately ; tlie 
aiice is also double. 

These different ways of joining battel 
cells TKiy be applied to any number of eeUft 
Let ua take, for instance, six cells and jois 
them in intensity, Fig. 13. If the elcc 
motive force of one cell be symbolized by E, and J 
■esistanec by R, it is evident that a battery of six eel) 
[oined in intensity will have an electro-motive foi'ce eqni 
i, and a resistance ecjual to GR. 
all be joined in quantity, Fig. 14, the electro-motivfl 

R 
of the battery \vill be E, and the resistance — ■ 
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[If they be joined by twos m intensity and by threes in 
antity, Fig. 15, tiie electro-motive force will be 2E, 
.wd the resistance gR. 



> 




They may, finally, be joined by threes in intensity and 
twos in quantity, Fig, 16; the electro-motive force will 
SE, and the resistance f"R. 
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Ah long aft, in this last combinatioD, there is no con* 
nection with any outside circuit, the three cells on the 
ri^ht are in op{>osition to the three on the left 

It is not necessary for us to insist longer upon this 
sul>ject, or to make calculations which are indeed very 
simple, to make the reader understand tliat, with a suf- 
iieient numl)er of cells, a battery may be obtained whose 
electro-motive force will be as great, and whose resistance 
will 1x3 as little, as can be desired. 

In most applications, and notably in the electric tele- 
graph, there is only the need of increasing the electro- 
motive force, and very little attention is paid to the re- 
sistance. 

In certain instances, however, too great a resistance 
would 1)0 very dc»trimental ; it is then that the cells may 
be joined in quantity. In practice, large ceUs having a 
very slight internal resistance are employed. 

VOLTAMETER. 

Before proceeding with the study of batteries, it would 
be well to stop and examine some of the effects they pro- 
duce. Of all the chemical actions tliat can be brought 
about by means of electric currents, the decomposition of 
water is the most striking. It is done in an apparatus 
called voltameter, and is represented in Fig. 17. 

Two wires or plates of platinum are placed parallel to 
each other in a jar containing dilute sulphuric acid. 
These two electrodes pass through the bottom of the 
jar and are attached to binding screws, or terminals, to 
which the wires of a batteiy are fastened. 

If a sufficiently energetic current be made to pass in 
this apparatus, bubbles of gas will be seen to free them- 
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^^Hves from ihn surface of the electrodes. If tbeBe ganea 
^|te collected in proper gas-meaenring jars, oxygen will be 
found in one and hydrogen in tlie other. If they be 
collected together in a Mngle jai', tliey will be found to 
be sensibly in those proportions whose combination pro- 
duces water. We say Bensibly, for the proportion is 
nearly always altered by ('Oinplicated disturbing actions, 
K>D which we cannot liere enlarge. 




The electrode by which the enrrent enters the appa- 
ratus is called positive dectrode of the ixdtarneter ^ it is 
that which is connected with the positive pole, or, in 
other words, with the negative electrode of the battery 
which famishes the current. 

The negative electrode of the voltameter ia connected 
with the negative pole, or poeitive electrode or generat- 
ing electrode of the battery. 

The oxyyen which api>earB npon the positive electrode 
of the voltameter is termed electrtyiiegatviie ; the hydrogen 
which ia seen at the surface of the negative electrode of 
the voltameter is termed eleetro^isitive. 
■ Theee denominations may emban'ass beginners. In 
r to employ them correctly the key is needed, and 
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this maj be found in the old theoretical ideas upon the 
two electric fluids, the oue positive and the other nega- 
tive. There is, at eacli point in a ciicuit tlirough which 
a current flows, a renniting of positive and n^ative elec- 
tricity; the negative electricity of the oxygen is attracted 
fay the positive electricity of the positive electrode, and 
80 on. This circuit is considered aa a chain, in which 
one end of each link is positive and the other nega- 
tive. 

The theoretical ideas have changed, bnt the expressions 
Iiave remained, the alteration of which would only involve 
difficulties, because they are not in disagreement with thft 
new scientific views. We will not enter into the det^ 
of this demonstration, but will return to the exact appli- 
cation of these terms, in order to spare the reader the 
annoyance of certain errors "to which he may be exposed. 

In general, every liquid decomposed by the passage of 
an electric current is called an electrolyte, and it is said to 
be electrolyzed aa long as tlie electric action eontinnes. 
Faraday has eetablialied, by numereus experiments, the 
laws of definite eledrolyMS. We cannot enlarge upoB 
this delicate subject. We will only say that, if two or 
tliree cells joined in intensity produce a current nsed to 
eleetrolyze water, for instance, for each chemical equip* 
aJent of hydragen set free in the voltiimetcr there will 
-be an equivalent of zinc dissolved in each cell of the 
battery. The law of Faraday may be said to bo tho 
«qaivalence of chemical work in all parts of the dr-^ 
euit. 

If the experiment bo made with six cells, instead of 

l&ith tliree as indicated above, the quantity of Jiydrogen 

T free in one minute is much greater. An idea of the 

Uty of elecirioity is thus obtained, and it can be tin- 
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derstood liow tlie instrument called voltameter permits 
one to measure this quantity. It owes its name to Fara- 
day, who was perfectly justified in so calling it, as it is 
in truth an instrument of measurement. The same can- 
not be said of the galvanometer, which it would be better 
to call galvanoscope ; for in general it does not measure 
the intensity of the current which passes through it, and 
it is only by means of complicated contrivances that any 
ineaaureraents can be obtained from its indications. 

Unhappilythe voltameter is not convenient for use. In 
many cases it gives no indications, and in others produces 
false results, on account of the resistance which it intro- 
duces into the circuit. It presents other causes of en'or, 
as will be seen in the following pages. 

Ir POLAEIZED ELECTRODES. 

1 If the voltameter be submitted for a short time to the 
action of a current, its electrodes acquire remarkable 
properties, which may be recognized in the following 
manner : 

Detach the wires connecting the voltameter to the bat- 
tery, and then connect the voltameter with a galvanome- 
ter ; the galvanometric needle will be seen to deflect, thus 
^ making manifest the passage of a current fumislied by 
tlie voltameter. The direction of the current is such as 
to show that that wliich was the negative electrode of thu 
voltameter in the experiment with the battery has be- 
come, in the experiment with the galvanometer, the posi- 
tive pole of this new source of electricity. In other 
'Orde, the current flows in one direction in the first case, 
1 in the opposite direction in the second ca.se. It may 
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te said that tlie voltameter has been charged with a part 
of the cunent of the battery, and that the voltameter re- 
tarns this current in the contrarj' direction. 

It has l»een said that the eJsi-f nodes are polarised, which 
ie indeed true ; for they have been rendered capable of 
acting as poles, Thb is the origin of the expreseion 
pol4trizationof the electrodes v!^\i\i^ we have already need, 
and which we will frequently have occasion to employ. 

The current famished by the polarized electrodes of 
the voltameter in the conditions indicated above is called 
a seeoTidary current; the voltameter acts as a secondary 
batter]/. The secondary enrrent thus obtained lasts but a 
short time, and its intensity is seen to diminish rapidly 
from the moment it begins to circulate in the galvanome- 
ter and is soon reduced to nothing. 

We will again have occasion to speak of secondary bat- 
teries, of which we have just given an example, and which 
'hAve lately undergone vast improvements. 

POLARIZATION OF A TOLTAIC CELL. 

If the current furnished by a voltaic cell (one of Wol- 
laston's, for instance) with well-amalgamated zinc be 
examined by means of a galvanometer, the intensity is 
seen to diminish from the moment the circuit is 
dosed, 

This diminution is very rapid if the eircnit has but 
httle resistance ; it is, on the otlier hand, very slow 
circuit offers great resistance, as in a long line of 

ig allowed the current to flow for five 
T instance, the circuit be left open for fivB 
will be Been when again closed that the cni^ 
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rent has nearly asenmed its first intensity. It can be said 
then, the battery when not at work regains its initial 
power. 

It may be understood from tbeae observations how it 
lias been possible to use the sand-battery for a number of 
yeare iu the telegraph service ; the telegraph lines offer- 
ing indeed great resistances, but only needing intennit- 
tent cniTente. 

I By cloeely examining that which takes place while tlie 
0ircnit is closed, different cii'CTiinstanees of the phenoln^^ 
Bon will be seen, which will throw a great deal of light 
upon the causes to which it must be attributed. 
At iii-st bubbles of hydrogen are seen to form them- 
selves upon the copper electrode, as we have already 
stated ; this will lead to the belief that imperceptible 
bubbles form themselves tipoii the entire surface in such 
a way as to interpose, more or less completely, between 
the electrode and the liquid, a gaseous layer. Thus appar- 
ently the principal cause of the diminution in the intensity 
I of the current should be sought at the surface of the cop- 
jctrode. 
Several simple experiments will confirm this. 
If, after a marked diminution in the deflection of the 
alvanometric needle, the electrodes be shaken without 
r them out of the liquid, the current is seen to partly 
Jrecoverthe force it had lost. 

The same thing is observed if the liquid alone be 
■shaken without moving the electrodes, and consequently 
irithout changing the extent of the immersed surface. 

The moving of the copper electrode alone will sliow, 
B a result, the recovery of the lost force. 
By mbbing the copper, without taking it out of tlie 
AC[iud, with a small brush, the same result is noticed. ^ 
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In these three experiments the disappearance of bubbles 
of hydrogen from the surface of the conducting electrode 
is accompanied by a renewal of the intensity of the current. 

If, on the other hand, the zinc electrode alone be agi- 
tated, no perceptible modification in the decrease of the 
current takes place. 

Henceforth there can be no doubts as to the impor- 
tance of the phenomenon which takes place at the surface 
of the copper electrode. The diminution of intensity 
that we have observed may be attributed to two causes : 
either to the increase in the internal resistance of the 
battery, or to the decrease in the electro-motive force. 
In fact, the two causes are present at the same time. 
Tliat the resistance increases cannot be doubted, since the 
active surface of the copper electrode is diminished ; but 
a simple and direct demonstration of this does not seem 
easy to obtain. 

That the electro-motive force is diminished is ex- 
tremely easy to demonstrate. For this experiment we 
employ the method of opposition which we have already 
described, and which is as convenient for the comparison 
of electro-motive forces as are scales for the comparison 
of weights. 

The instant the electrodes are immersed in the liquid 
and the batteiy begins to work, it attains its maximum 
intensity. 

Let us now take two identical battery cells and close 
the circuit of one of them for five minutes, leaving the 
other inactive. At the expiration of five minutes, place 
the one that has been working in opposition to the fresh 
one, and a galvanometer interposed in the circuit will 
show the superiority of the electro-motive force of the 
fresh cell. 
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If now these two cells be made to act separately, each 
BpoD itself — that is, -without the inBcrtion of any reBiat- 
ance diirint; five tninutes — it will be found at the end of 
that time, by placing them in opposition, that the second 
one still has a greater electro-motive force than the first 
one. 

The experiments could be varied, and it could be ascer- 
tained, for instance, how long the decrease continues in a 
pell of a certain size and form and under well-known 
eii'cnmstances. 

It can be easily shown that the electro-motive force of 
a voltaic cell can, by constant action, be reduced one 
half. For this it is only necessary to cause two cells to 
work a considerable length of time ; when they are sup- 
posed to be exhausted as much as they can be, join them 
in intensity and place this battery of two cells in opposi- 
tion to an eniirely new cell; the galvanometer will still 
mark the superiority of the latter, and the necessary con- 
clusion is that the electro-motive force of each one of the 

exhausted cells has been reduced to less than half of 
,t of the new cell. 

t is admitted that the diminution in the electro-motive 
Q of batteries is due to the production of an electro- 

JDtive force (upon the surface of the negative electrode) 
tttrory to that of the principal current. 
iTliis view is founded upon that which we have said of 

1 electro-motive force found in a voltameter, from 
liose electrodes gases are given off. 

t may be shown by a direct experiment that the con- 
; electrode C of a wea,kened battery has acquired 
taVwe properties. It is only necessary to immerse in 
e liquid a second plate of copper, C, and to connect the 
D vith a galvancaneter. The passage of a current la 
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tbuB made manifeet, and its direction shows that UiG 
copper plate C acta as the soliihle electrode, or electro- 
])06itive, when compared with the other, C, which aeBumes 
tlic part of a conducting electrode, or electro-negatire. 

This current commences to decrease from the moment it 
is established, and soon becomes imperceptible. Time the 
electrode C, which waa electi-o-negative in the voltaic cell 
before and during its weakening, is electro-positive in tha 
test cell of two copper electi-odes. Finally, if after the 
above experiment the voltaic cell be re-established, it at-' 
sumes its original intensitj, at least for a moment, a 
then begins to weaken again, as in the first instance. 

It is then that the aonducting electrode is said to be io 
a state oi polar! zntimi. 

Such is the phenomenon of the polarization of th© 
negative electi-ode of batteries, a knowledge of which i 
BO important. 

It will bo seen, in the following pages of this workj 
I that the less the polarization, the better the huttericft 
I The most important improvements in batteries are thoac( 
which have had in view the diminution or supproseion o 
polarization. In other words, the principal aim and effort 
of inventors worthy of that name has been to depolaria 
ihs electrode. 

It has been established that polarisation remains tin 
Barae when the size of the cell and the intensity of tlK 
current are in pro]K)rtion to each other. It is here necce 
I sary to define polarization : it ia the difference i 
f ele€tro-?na(ive forces in a polarised battery and 
Ha/rised battery. 
"Wi be understood indeed that the qnantity ( 
given off npon the negative electrode is i 
** the intensity of the current ; and tliat if 
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tliifl quantity distributes itself upon tlie stirfiice of an 
electrode also proportional, the thickness of the deposit 
will be the same, and consequently its intrinsic action 
will not have changed. Tlie practical conclusion of this 
law is that polarization will be less in a battery having 
large electrodes than in a smaller one, although the total 
resistance be the same, 

rOLAKIZATION IN A BATTERY OF SEVERAL 
ELEME_NTS. 

Thus far, each time that we have spoken of the polari- 
zation of the negative or conducting electrode of cells, 
we have implicitly supposed the cell to be alone, and 
that the current which produced the polarization was the 
current of the cell itself. In ordinary practice it is not 
thus; several elements are generally joined in intensity, 
and the current which flows in each one is furnished by 
the entire battery. 

Let us place 10 cells, each having 10 units of resistance, 
in a circuit of 100 units (total resistance 200 units); it is 
clear that the current will be more intense thau if 9 of 
the 10 cells were taken away ; consequently the current 
']iich produces the polarization in each cell will be more 
ic than if there wei'e only one cell. 

The result is that the weakening due to polarization is 
moi-e marked in cells which are joined in intensity than 
wlien they are separate. 

In other words, when a current, passing through a cell, 
is more energetic than the current which the cell itself 
produces, the weakening of the current takes place imder 
■the following circumstances : 

At first hydrogen is given ofE upon the copper, and 
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produces that whicli we have termed polarization of the 
cell. 

But afterwards, when the greater part of the acid is 
converted into sulphate of zinc, the sulphate itself be- 
comes electrolyzed and reduced zinc deposits itself upon 
the copper. If at last this deposit covers the entire sur- 
face of the copper, it can be easily seen that the two 
electrodes will become identical, and consequently it is 
no longer a battery cell. 

We shall show instances where some of the cells of a 
battery not only cease to produce a current in the right 
direction, but actually produce a reverse current. 
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At. the point which we have now reached wo are able 
to compare difEerent batteries and to undertake their 
Btndy. 

Up to tliia time we have only shown Volta's battery 
and the modification 3 in its arrangement. We will now 
examine batteries which are analogous, but which differ 
more and more from the first model. 

Tiiis stndy will show how Volta, in spite of his imper- 
fect means, happily chose tlie elements which have been 
used evei" einee; it will be seen how advantageous and 
how imperative the use of zine is. 

We will first study those batteries in which the liqnid 
is dilute sulphuric acid, but in which the electrodes differ 

ifrom those in the voltaic battery. 
iio 
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A battery differing from Volta's only in the substitu- 

Piion of carbon electrodes for those of copper is veiy 

often employed ; it was invented by Mr. Walker in 1849. 

In these cells the regative electrodes are made of gas 

carbon, wliich forms a sliell upon the heated retorts in 

the preparation of gas. This substance has a very good 

conducting power, and it is very porous. On account of 

, tliis porosity tlie electrode presents a considerable surface, 

^Bsd is very slowly polarized. 
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We have already explained, in speaking of WoIlaBton'B. 
battery, wliy it was advaiitagcous to give the largest sniv 
face possiUe to the conducting electrode from which; 
hydrogen is given off. The method that we have giv^ 
to show the progress of polarization in a battery cell proves 
the superiority of a battery with cai-bon electi-odes ov& 
that of Volta of equal dimensions. 

The zinc may be placed between two plates of carbon,: 
or better still in the centre of !t LoUow cylinder of caiv 
bon, always having in view the increase of the surface to 
be polarized and the checking of the polarization. 

MANUFACTURE OF CAKDON ELECTRODES. 

When carbon electrodes have simple geometrical form^. 
or when they are simple plates more or less thick am 
wide, they may easily be cut from the residue in gas- 
retorts, and that is what is generally done. 

But if they are cylindrical, and especially hollow cylii 
k ders like that siiown in Fig. 18, the above process cannot 
I be applied. The clectrodee must be produced artificially 
I in moulds, by pressing powdei'cd carbon with proper! 
I cements. 

I Bunsen suggests the following process to make carbon 
I A mixture of one part hy weight of coal and two of 
I coke is made (both having been reduced to an impalpabli 
1 powder), which, placed in a sheet-iron mould, is heated t& 
I clear red until all gases have been given off. The carbon' 
I IB then dipped in molasses and left to calcinate, protecti " 
Krom the air. 

■ 'ViTohn T. Spragiie, of Birmingliani, recommends the 
P twing pi-occss : 
r 'atcs or blocks may be built up from powdereil 
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gi-aphite mixed up with coal-tar or strong rice-paste 
into a stiff dough, which sliould be dried, heated, the?i 
packed iu powdered carbon in a closed vessel and heateii 
to clear red for some time. When cool they should be 
aoaked in strong sjrup of 6ngar, or treacle, again dried 
and treated as before ; this process must be repeated 
until the carbon is perfectly dense and strong." 
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The chief difficulty with carbon ia in making the eon- 
' neetion. The contact between the carbon and the me- 
tallic rheophore, by whicii it is connected with the adjoin- 
ing cell or with the circuit, must be perfect. 

This is commonly done by fijiing a clamp on it to which 
be rheophorea are attaclied. 
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A better plan is to deposit copper on the npper part 
and then solder the connection to it, as this gives contina- 
ouB circuit. There is oTie drawback, however : the add 
is soaked by capillary action into the pores of the anb- 
stanco, reaches the surface of the carbon and the inner 
surface of the copper, wh ich it attacks, thus destroying 
the connection. It is easy to avoid this action by iia- 
mersing the upper part of the carbon in melted paraffio. 
The pores of the immersed part ai-e thus tilled by the 
paraffin, which, wlien left to cool, becomes solid. All 
capillary action tlirough the upper part of the carbon 
thus prevented. 

The top of the carbon may also be immersed in melted 
ziiic. But by capillarity tlie liquid can ascend and atti 
the zinc as it did the copper. The sulphate of 
would present the same di flii'ulties as the sulphate of co] 
per, and it is also desirable in this ease to dip the npj 
part of the carbon in paraffin. The experiment shows 
that paraffin does not affect the conductivity of the car- 
bon, and that the resistance of the battery ia not im 
by this addition. 

Lead may also be deposited upon the top of the carl 
but here the paraffin ia indispensable, because the formi 
tion of sulpliate of load is enough to diminish considi 
ably the intensity by introducing Iti the current a mattt 
almost without conductivity and nearly insoluble. 

In Switzerland the batteiy which we have above dfr' 
eeribed is extensively used, especially in telegraph offices. 
^The zinc should be well amalgamated before being plai 
1 the centre of the carbon cylinder (Fig. 18), in 
diminish local actions while the battery is at 
ig to this precaution the battery may be naed a loi 
without any care being bestowed upon it. 
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We will see farther on how this battery has been im- 
proi'ed upon by substituting a solntion of sea-salt for the 
dilute sulphuric acid. 

ZINC-IEON BATTERT. 

One of the first ideas, and the most natural, is to use 
iron on account of its elieapnees. Iron may indeed be 
substituted for the copper, but a battery thus arranged is 
very inferior to that of Volta. The substitution of iron 
for copper causes a notable diminution in the electro- 
motive force. It is important to note, however, that the 
copper may be effectively replaced by iron ; that it is still 
the zinc which is attacked; and that the iron ia preserved 
from the actiou of the sulphuric acid whUe the circuit is 
closed. 

1 IRON-COPPER BATTERY. 

In Volta's battery it is the zinc which is continuously 
lesolved ; it is therefore logical to search for something 
which may replace the zinc and which at the same time 
ia leas costly — iron, for instance. This enbstitution of 
iron for zinc would be more advantageous than the sub- 
stitution of iron for copper ; but this battery (iron, cop- 
per, and sulphuric acid) is still inferior to the preceding 
one. 

OTHER COMBINATIONS. 

If the question of economy be put aside, many other 
combinations might be usefully employed ; but, as we 
have said, the use of zinc is necessary, as no other metal 
practically acceptable can be advantageously substituted. 
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Even aluminium is lesB Hable to be attacked, or, ae it iS' 

said, IB lees electro-positive than the zinc. Only calcitiin,, 
Bodium, potassium, and analogous metals are more electro- 
positive. It is needless to saj, however, that thcj cannot 
bo need in batteries destined for practical purposes. 

For the negative or insolnble electrode there is, on the 
otlier hand, great choice: lead, silver, and platinum can 
be and «re often employed. Tlie electro-motive force of 
a zinc-platinum battery is rather superior to that of Vol-' 
ta's (zinc-copper), and is about equal to the zino-carboO' 
battery. 

Following is a list of metals so arranged that if any 
two be talten to form the electrodes of a dilute sulphuric- 
acid battery, the one nearest the end of the list wil 
the positive electrode, or the negative pole of the cell thus 
arranged : 

1. Silver. i. Bismuth. 8. Tin. 

2. Copper. 5. Nickel. 9. Cadmium. 

3. Antimony. 6. Iron. 10. Zinc. 

7. Lead. 

Too great an importance must not be attached to this 

list, for the order of the metals would be different if the 

j liquid were other than dilute Bulphuric acid. 

SMEE'S CELL. 

k Many ways have been devised for reducing the pi 
V'mtion of the negative electrode of the batteries which 
I have described. In 1840 Smee indicated a veiy inge- 
I ' way, which consiBts in using electrodes of platinum, 

I irhose surface he deposited, by means of electricity, 

I Lm as a fine black powder. These electrodes of 
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platinized platinum tend to diminieli conBiderably po- 
larization, Tiie simple reason of tUia is that the bubbles 
of hydrogen free themselves much more easily than from ' 
the polished surface of a metal. 

For reasons of economy Smee placed the platinum 
plate between the two plates of zinc. It is in form a 
reversed Wollaston battery. 

Smee's batteiy is charged with a solution containing 
one part of acid to seven parts of water. Its work is 
mncli greater than could be expected from a single-liquid 
battery. 

Again, for economy, Smee replaced the platinized 
platinum by platinized silver. The following composition 





Pio. 19. 



had even been used, which produces a much cheaper 
cell: 

Upon a plate of copper is deposited a grainy layer of 
copper, then a lyyer of silver, and finally a layer of plati- 
num dust. The rough surface thus f^iven to the silver 
facilitates the deposit of platinnm, whieh is very difficult 
upon polished silver. 
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One of Smee'8 batteries wonid give very unsatigfactorjr! 
reBoIts if the zinc were not amalgamated; it ie a precaii*' 
' tion that should not be neglected. 

This battery is extensively used in England and thi 
United States with many modifications, one of vhich id 
pi-esented hy Fig. 19, 
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WALKER'S PLATINIZED CARBOH BATTERY. 

Wo have stated above how, since 1S49, Walker had 
need batteries with electrodes of carbon cut from the 
gas-retorts. In 1857 lie resolved to platinize his carbons, 
and the battery thus constnicted has been used by the 
South-Eastem Railway in England with great snccess; 
nine thousand of these cells were in service in Mai'ch, 
1875. 

These cells are contained in an earthen jar, and tha 
lower extremity of the zinc is immersed in a gutta-percha 
saucer filled with mercury ; the zinc is well amalgamated, 
which reduces to its minimum the local action or loti 
chemical work ; tlie top part of the carbon is eoppep 
plated and tinned. 

The usual size of these cells is 4 inches by 2 inches ;. 
their price {with the mercury and sulplinric acid), 43 cents. 

The cost of keeping them in order is calculated at 25 
cents annually. 

This battery may be left twelve, fifteen, and sometinti 
L seventeen montlis witliout needing any care whatever. 

It is a simple moditication of Smee's battery, and with 

^iquid of one part of acid to eight parts of water then 

elBCtru-motive force equid to that of Smee's (meaj 

iti made before any polarization). PoIarizatitK 

face the electro-motive force one half. It wil 
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1)« seen from the tables at the end of this work that this 
force is equal to that which is taken as the unit ; namely, 
that of Uaniell's batteiy. 

The internal I'esistance of Walker's battery is abont 
1 ohm, or 1 unit. It is certaialj a very small resistanfic 
for a telegraph battery, a. quality which we iimst point 
out. 

I TYER'S BATTERY. 

|t Tyer combined a modification of Smee'a batteries, for 
■ lb« service of electric railroad signals, which presents 
many advantages. 




In the bottom of the jar {Fig. 30) are placed a sufficient 
quautity of mercury and pieces of zinc ; this constitutes 
t^tfae generating electrode. 

A plate of platinized silver is held vei'tically in the ^ar 
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by means of a croee-piece of lead wliicli rests on tlie rinil 
of the jar, thus giving a good height and a certain firm-* 
ness to the conducting electrode. The top of the cross- 
piece of lead is fnmislied with a terminal, to which is 
fastened a copper wire covered witli gutta-percha ; at 
the end of this wire is a ball of zinc which is wholly 
immersed in the mercury of the adjoining eell. 

The liqnid is sulphuric acid diluted with twenty times 
its volume of water. 

This battery has the advantage of consuraing fragi. 
ments of zinc and using them to their last particle. TboSft 
pieces which are wasted in the maniifactuve of other bat 
teries can here be put to use. In this respect Tyer'a is 
tlie best arrangement yet produced. 

The maintenance of this battery is reduced to ; 
minimum, for in a well-closed box it can remain two o 
three years without examination. Great care should ba 
taken, however, in the charging and cleaning of the I 
tery, in order to avoid any loss of mercury. 

BARON EBN"ER'S BATTERY. 

To the Austrian general, Baron Ebner, is due the fol- 
lowing arrangement of Sinee's battery. The negativ 
electrode is of platinized lead; the generating electrode? 
is, as in the preceding arrangement, composed of frag- 
ments of zine in some mercury, which keeps them well' 
■yilgamated. 

very large battery of this kind was used at tin 
^xpoBition of 1S07 to mn electric clocks; 

t the polarization was but slightly felt, I 
f« do not work well unless a very conetM 
rided, 
uotive force of t\u6 \ia.ttBig v 
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lialf that of Daniell'e battery, of which we will speak 
farther on, and which is generally takea as a term of 
comparieon. Its maintenance is very economical, for tha 
same reasons given in the description of Tyer's battery, 

BATTEEIES ANALOGOUS TO THAT OF SilEE. 

Following Smee's example, PoggendorfE deposited pul- 
verized copper upon a copper electi-ode and thus obtained 
a battery of Volta, or of AVoUaston, notably improved, 
inasmuch as the polarization takes place less rapidly and 
with less intensity. 

Drivet. an Italian officer, carried out an analogous idea. 
He deposited upon the copper electrode of a voltaic cell 
a very thick layer (J of an inch) of spongy copper. The 
porosity of this metal gives it some of the qualities of 
carbon electrodes. Tiio analogy with Sinee'a battery ia 
more apparent than real, for the very thin layer of pul- 
verized platinum does not present the increase of surfaea 
whi;li is the advantage in the nse of carbon electrodes. 

We have onraelves tried a battery in which the nega- 
tive electrode is a plate of lead, upon whose surface a 
Liyer of spongy lead j^j of an inch thick is d 



REMARKS UPON POLARIZATION IN THE 
PRECEDING BATTERIES. 

t We have seen in all batteries described thus far that 
tolarization was the result of tlie freeing of gaseous bub- 
bles of hydrogen f i-om the negative electrode. 

We have indicated several means, devised by different 
physicists, to diminish this effect, which is done either 
by increasing the surface of the electrode to be polarized 
(WoUaaiou'B battery, earbon-electrode battery, aa&. "^"cv.- 
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vet's battery) or by modifying tliis tnirface in such a way 
Hs to facilitate the freeing of tlie gas (Smee's and eimilar 
batteries). Tlie action of a l[)attery is already vastly im- 
proved by giving a rongh sarface to the polarized elec- 
trode, instead of leaving it polished. 
, We have also shown how the air acts favorably npon 
lotteries, either by diminishing polarization while they 
are at work or by producing depolarization when the 
current has ceased to flow. Depolarization would nn- 
donbtedly take place in the absence of the oxygen of the 
air, by the freeing of gas or by its dissolution in the 
liquid ; but the oxyen renders depolarization much mora 
rapid, especially in the case of carbon electrodes, by com- 
bining with the hydi'ogen to form water. 

We will indicate, as we proceed, much more effectual 
means for diminiBliing or suppressing polarization, which 
consist in the use of Bubstances placed near the negative 
or conducting electrode, and by which the hydrogen is 
chemically absorbed. Theee are the only contrivancea 
by which constant batteries can be produced ; that ia, 
batteries M'hose electro-motive force is constant. 

We will describe in detail these constant batteiies, 
which present a satisfactory solution of the problem of 
obtaining a continuous and regular electric current. 
They have taken the place of simple and inconstant 
batteries in all applications, and their study will be the 
owning of the present woik. 

But in order to proceed from the simple to the com- 
ix we ought to describe several other inconstant bat- 
ti, only a few of which have any practical interest, 
study is, however, necessary in order to iinder- 
ba many varieties ak'eady tried and those which 
» tried. 
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Thub far we have considered a senes of batteries dif- 
fering very little from eacli otlier, all being compoBed of 
two difierent eieetrodea immerBed in a single liquid, di- 
late sulphuric acid. 

It is easily understood that by replacing the sulphuric 
acid by other acids, new batteries analogous to the first 
ones may be obtained. 

HYDROCHLORIC- ACID BATTERIES. 

The cheapness of hydrochloric acid caused many per- 
aonfi to use it ; but none of the batteries thus constructed 
obtained any contiuued application, because hydi'ochloric 
acid, being gaseous and only soluble in water, escapes into 
tJie surrounding air, so that after a eliort time it is im- 
possible to remain in the room where it is placed. 

Besides, the hydrochloric acid liberates itself rapidly 
from the water in which it is dissolved, at least a good 
part of it, the liquid becoming immediately impoverish- 
ed, and a new cause of the weakening of the cm-rent is 
added to those which we have already pointed out. 

laTEI&ACID BATTERIES. 

Nitric-acid batteries could be very easily made, but 
flicy would have the same inconveniences as those with 
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hydrochloric acid, and would not present the same eco- 
nomical advantage. It will be eeen, however, that in cer- 
tain less mdimentary combinations nitric acid is put into 
use. 

VAEIOUS ACID BATTERIES. 

All aeids employed by clieniists may be used in the 
oompoaition of batteries, pi'ovided they be liquid or solu- 
ble in water and conductors of electi'icity. 

Acetic acid, found in all liouseholds, may be used in 
the abfience of others. It ha^ indeed been used by Pul- 
vermacher in his electro-medical battery. The electrodes 
were zinc and copper i\-ires wound upon small pieces of 
wood. They were connected with each other, the posi- 
tive pole of each with the negative pole of the following 
one, and dipped in diluted vinegar. Twenty years ago 
this apparatus had great success, but to-day it ie replaced 
by others more perfect. 

In all these voltaic combinations the chemical action ie 
the same as in Volta's battery. The zinc becomes oxy- 
dizcd at the expense of the water, and the oxide of zinc 
combines with the acid, forming a nitrate, an acetate of 
idnc, etc. The hydrogen of the water is given ofE upon 
the negative or conducting electrode. 

It can be seen without going any farther how many 
'■different batteries may be conceived by simply varying 
nature of the electrodes and the liquid. But many of 
ie combinations are far from possessing any interest, 
our remark is only designed to call the attention of 
reader to the number of solutions of the problem of 
Toting batteries. 



CHAPTER TI. 

BATTERIES WITHOUT ACIDS. 

I« addition to the acids there are numbers of liquids 
or solutions which may be used in batteries, a few of which 
are intereeting. 

SEA-SALT BATTERIES. 

On account of the facUity in obtaining chloride of so- 
dium, or sea-salt, or common salt, it is often made use of 
in batteriee. The battery, whose electrodes are carbon 
and zinc, is almost exclusively used in Switzerland for tele- 
graph purposes, with dilute sulphuric acid, or more fre- 
quently with suited water. 

There are several dimensions of these. The smallest 
has flat electrodes 2f inches long ; the next size has elec- 
trodes i inches long and 1^ inches wide. Both sizes have 
but a single piece of carbou iu each cell. The first can 
work one month, the second three months, without care. 

These cells certainly cost very little, and there is scarce- 
ly any consumption of the zinc while the circuit is open, 
althougli tlie zinc is not amalgamated, which is a very 
satisfactory condition. The electrodes may lie lifted out 
during the snspension of work, and this is facilitated by 
the electrodes being attached to a bar of wood. By lift- 
ing this bar the electrodes of ten cells may be raised at 
one time. 

Another model of this same battcvy w B\'\ci'*;i\\\\"^\^A%. 



[ SINGLE-LIQCID BATTERIES. 

The carbon has the form of a hollow cylinder, iu the 
centre of which is a pUte of zinc, not siiiaJgaiiiated, as 
we have already stated ; these two electrodes are fastened 
to * strip of wood which rests upon the riin of the jar 
containing salted water. The comparatively large surface 
of the carbon is a verj' favorable condition (for single- 
liqiiid batteries), as we explained when speaking of Wol- 
laston^s battery. In the model employed on Swiss lines 
the carbon is 5J inches high, and has an exterior diame- 
ter of 3i inches. These batteries can do service from 
nine to twelve months without requiring attention. 

The friend to whom we are indebted for the preceding 
information usea salt-water batteries for domeatie bella. 
He employs cells which have a height of 14 inches. 
Some batteries of this kind have been known to work 
from six to eight years without any care whatever. There 
is one which worked ten years ; the zinc had of course 



Concerning the weakening of this battery, it has been 
ionud that it may be exhausted by causing a constant 
icnrrent of a short circuit to pass for ten or twelve hours, 
and that it only needs two or three hours of rest to regain 
B lost energy. In' other words, depolarization takeeplace 
rery rapidly. 

The sea-salt battery is not only used for the telegraph 
tad electric bells, but for electric clocks. 

DUCnEMIN'S ELECTRIC BUOY. 

■flinin placed elements of the preceding form 

■ the sea by attacling them to some floating 

ramstant agitation of water caused undonbt- 

<t complete depolarization. When several 
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eella are employed, however, tley are in the aame liquid ; 
there is therefore a small loss of electricity ; it cannot be 
of much consequence, because of the form of the carbon 
which snrronnda the zinc, A perfect insnktion of the 
wires connecting the cells is of great importance. 

The main object of these batteries was the preserva- 
tion of sheets of iron used in the construction of vessels, 
barges, buoys, etc. etc. It appeal's that the hull of a 
vessel undergoes a relatively less change during naviga- 
tion than when at anchor or in port ; it is in this case 
that the use of Duchemin's buoy is practicable. These 
buoys are used aa follows : 

Seven cells about 4 inches in diameter, for instance, 
are joined in intensity. The positive pole of this battery 
is put into communication with the sheets of iron to be 
preserved ; the negative pole (that is, the zinc of the last 
eel]) is in the sea, aa indeed are the others. Under these 
circumstances it has been proved, by experiments made at 
Cherbourg by oflicere of the French navy appointed 
purposely by the Minister of Marine, that a surface of 
iron eighteen times larger than that of the zinc which 
forma the soluble electrodes of the battery may be pre- 
served from rust. 

It appears that the simple addition of a sheet of zinc 
is not sufficient to preserve the hull of an iron vessel 
f I'om mst, but it can be done by means of one or seve- 
ral electric huoys ; that is the result, at least, of a pro- 
longed experiment on a small iron boat. 

These interesting experiments were unhappily discon- 
tinued during the war of 18(0-71, and have not been re- 
sumed. 

Before leaving the subject, we will say that there is a 
superiority of sea-water over common salted 
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water ; for eea-water does not contain chloride of eodittm 
alone. We have unfortunately no i>ositive informatioB 
upon tliis point. 

The salted-water or eea-water battery, although inferior 
to many others (especially to the sal-ammoniac battery, of 
which \v4 will epeak later), may be recommended, above 
all, in places near the eea, where the expense is compara- 
tively email. 

ZINC-COPPER-SEA-WATEE BATTEPvT. 

At the beginning of the present century the illnatriouH 
Sir Humphry Davy proposed to protect the copper hull 
of vessels by means of a sheet of zinc (or, indeed, of 
iron) put into comtnunication with the lining and im- 
mersed witli it in tlie sea. A cell was thus constructed 
in which the zinc (or iron), by being attacked, protected 
the copper. 

The zinc had, of couree, to be replaced at the end of >. 
certain time ; but an extent of active zinc surface one- 
hundred and fifty times larger than tliat of the copper 
was sufficient to protect the latter. This ingenious idea 
had to bo abandoned in the practice for the following, 
reason; 

The zine-copper cell of which we have spoken giva 
■ off, indeed, hydrogen upon the sui-faco of the copper 
Lbut at the same time it decomposes certain salts con- 
Bnned in sea-water, and the bases (earthy oxides — magne- 
^^^ and lime) deposit themselves upon the copper. To 
r "Ii8t sea-grasses and shcU-fieli attach themselves auii 

I a great extent the speed of the vessel. 

I ibeence of the zinc the copper is slightly at- 

I le sea-water, but the surface remains apparent- 
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Iv clean. In tlio long-run the copper ia need Tip ; but of 
two eWls one must chooao the less, and prefer to lose a 
little more on the resale of old linings than to increase 
the duration of voyages, 

ZINCJEON-SEA-WATER BATTERY. 

"Within the last twenty or thirty years copper-lined 
vessels have gradually been abandoned and a great nura- 
her of iron ships have been constructed, Davy's idea ia 
in this instance applicable. We do not know if many ex- 
periments have been made or not ; but the result of one 
experiment upon a French frigate sliowed that sheets of 
metal one metre square lost the following weights after 
remaining in sea-water one month : 

Grammes, Grammes. 

Zinc 5.60 

Galvanized iron. . . . 1,80 
Tin 1.50 



Steel 28.10 

Iron 27.30 

Copper 3.80 

. . .only traces. 



Liml. 



These figures go to prove that iron is of all metals the 
most attacked by sea-water, and is therefore badly chosen, 
as far as preservation is concerned, for the construction 
of ships, buoys, etc. 

From a. theoretical point of view there would he a ' 
great advantage in coppering or tinning iron. If the 
iron were thoroughly covered with a thin layer of cop- 
per or tin it would no longer beincontactwith thewater, 
and would consequently not be attacked. But a small 
. accident, such as the scraping of tiie ship on a sand-bar, 
Cor instance, might be enough to chip off a httle piece of 
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copper or tin, wlien tlie exposed iron would immediately 
be attacked. 

Tlius would be established an iron-copper or iron-tin 
cell which would excite the action of the sea-water 
upon the iron. It might indeed go bo far as to make a 
liole in the ii'on. It will be seen that the cell thne form- 
ed would possess peculiar conditions of activity, as the 
negative electrode is enormous when compared with the 
soluble electrode ; and besides, the constant agitation of 
the water would tend to suppress all polarization. 

In the experiments above referred to the surface of the 
eheets of metal were, of course, well cleaned before each 
experiment. 

There is no doubt as to the zinc being the electro- 
positive element of the zinc-sea- water-iron battery, Mid 
consequently that the u'on is elect i-o-chemically protected 
by the zinc. 

It is possible that the feeble electro-motive force of this 
cell may be insufficient for a thorough protection. There 
may also be eome accessory action wliicli might make the 
action of the cell worse than simply ineifectual, as in the 
case of the copper linings. 

This is, we think, a desirable question to elucidate. 

ACCIDENTAL REVERSING OF THE 
CURIIENT. 

We have already shown, how a voltaic cell may be 
tendered ineffective by electrolysis of the salt of zinc and 
I ' deposit of zinc upon the conducting electrode. 
I eliave said that in certain cases the current could be 
P \i) this phenomenon was observed under the fol- 

jircumstanees ; 
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Certain zinc-salt-water-carbon batteries that had been 
working two years were, by accident, Bhort-cireiiited ; 
polarization was brought to its maximum, since there 
was no resistance in the external circuit, and consequently 
the intensity was the greatest it could be. Soon after 
the battery could supply almost no current whatever; 
and by close examination it was found that in one out o£ 
every four or five cells the poles were reversed ; that is, 
the zine had become the positive pole, and the carbon the 
n^ative pole. There was pi-esent a polarization similar 
to that which would have taken place in a voltameter, or 
in a secondary battery placed in the circuit. This second- 
ary current neutralized, in a great measure, that of the 
other cells of the battery. 

In this singular instance the polarization of certain 
elements had become stronger than the element itself. 

It is easily understood that, if there had only been one 
cell in the circuit, this reversing of the poles would never 
have taken place ; for the current resulting from polari- 
zation is necessarily inferior in tensioii or elect i-o-motive 
force to the polarizing current. 

One more remark before leaving this experiment. If 
the battery cells joined in intensity were 'and would re- 
main identical, the above phenomenon would not take 
place. 

If twenty cells were joined in intensity and in short 
circuit (that is. without any exterior resistance), the in- 
tensity 18 exactly the same as if there were but one cell 
in short circuit ; for in the first instance the electro-motive 
force is twenty times greater and the resistanc-e of the 
circuit twenty times less than in the second instance, 
wlueh establishes an exact compensation. 

If tiiere be only one cell in the circuit, it cannot but 
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■weaken, and no reversing of the poles can take place. 
Therefore in a battery whoee cells are itientieal tliere can 
be no reversing. For the occurrence of this phenomenon 
the cells mast necessarily be dissimilar, which is nearly 
always the case. Some are polarized from the beginning 
miicli more rapidly than others ; from that time they 
no longer identical cells, and the poles of the 
ones, which are the most polarized, may be reversed, 

If some of tlieeo cells shonld accidentally be closed 
while the others are open, they become i-apidly polarizedj. 
the cause of this may be the formation of climbing salf^ 
or other causes. This remark shows the advantage d 
the careful cleaning of batteries, in order that they inaj 
work regularly and for a long time. 

We will return to this Bubjeet when speaking of the 
6ulphate-of-mercury battery. 

CHEMICAL ACTIOK IN SEA-SALT EATTEEIES. 

No one, as far as we know, has analyzed the products 
formed in thie battery ; it must be a very complex com-^ 
I position, a mixture of chloride of sodium and oxide of 
zinc, or of soda and zinc chloride. There can only be 
I conjectures upon this subject, as no analysis has been, 
I made. The only known fact is that hydrogen frees 
Lita elf from the carbon. 

K||jX)tese analyses are prabably very difficult, and the com-' 
^HHjI^nB formed in battei-ios are in general very compli- 
^^Kd; the slowness of the acftions favors the production 
^^^^odies more complicated than those of whicli mineral 

■ry generally treats. 
_ ea may some day challenge the particular atteiH 

^^H lemists, who will find, without doubt, that they 
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are as good as retorts and other apparatus used in labora- 
tories for the formation of composed bodies, of which a 
considerable number have not yet been studied. We are 
snre that chemistry will lose notbiTig, and it is certain 
that the science of electricity will be greatly benefited 
by this study. 

The diSicnlty of the chemical problem presented by 
the sea-salt battery, and indeed by nearly all batteries, is 
increased by the fact that the nature of the compositions 
formed is different when the current is closed, and when 
it is open. It is certain that if there were a change in 
electric conditions, the action of affinities would also 
change. 

Our attention will again be called to this subject, when 
we will give certain reasons supporting the above sugges- 
tion. 

MARINE BATTERIES. 

An old experiment shows that if a plate of zinc and a 
plate of copper be immei'sed in the sea at a eonsiderablo 
distance from each other and attached to a single con- 
ducting wii-e, there will be produced in this wire a cur- 
rent of considerable intensity. Whichever way it may 
be looked at, the internal resistance of this battery is very- 
feeble ; either by considering the sea as the jar contain- 
ing the liquid and tlio two electrodes ; or, adopting recent 
views, by admitting that the electricity is lost in the 
earth (the connnou reservoir) at those two points where 
the line touches it. This combination is not susceptible 
of practical application, as it only furnishes one cell and 
not a luultiple battery ; but from a theoretical point of 
view it deserves notice. 
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SAL-AMMONIAC BATTERIES. 

By substituting a solution of chloride of ammonium or 
sal ammoniac for the liquids previously meritioned, a new 
series of batteries, analogous to those already enumer- 
ated, may be realized. We will call tlie reader's atten- 
tion to but two of them, which possess particular interest. 

BAGEATION BATTEEY. 

The electrodes of this battery are the zinc and the 
copper; tliey are immersed in a jar filled with earth 
sprinkled with sal ammoniac. " It produces a wonder- 
fully constant current which is the result either of the^ 
reduction of the hydrogen upon the copper by the com- 
position formed there by the sal ammoniac, or of the 
absorption of the hydrogen by the earth itself, which 
indeed acts as a diaphragm. It is best not to put the 
two plates of the cell too near to each other, and to im- 
merse the plate of copper, before putting it in the earth, 
in a solution of sal ammoniac, leaving it to dry until a 
greenish layer is formed upon its surface." * 

In spite of these precautions, this battery has been put 
aside ; but it is possible that it may again be taken up. 

CARBON-ELECTEODE BATTERY. 

This battery differs from the preceding one in llto 
substitution of carbon for copper. We have alreadj*'' 
explained the advantages of carbon. 

To give to these batteries their maximun force, and t,o 
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render polarization as slow as possible, they are arranged 
as follows : 

The earbon electrode is placed in a porons porcelain 
jar, which is then filled np with small pieces of carbon ; 
a considerable extent of surface is thus given to the nega- 
tive electrode. This porons jar is then placed in a glass 
or stoneware jar which contains the solution of sal am- 
moniac. The zinc is immersed in the liquid ; it has the 
form of a hollow cylinder, and a thickness of -^^ of an 
inch is sufficient, as there is but little waste. 

This battery presents an important advantage, only 
found thus far in the Bagration battery and in the sea- 
salt battery. 

All batteries, indeed, in which the positive or soluble 
electrode is zinc in sal ammoniac have the same advan- 
tages. 

As long as the circuit is open there is no chemical 
work going on ; the action of the sal ammoniac upon tlie 
zinc does not commence until tlie circuit is closed, and 
ceases immediately upon the reopening of the circuit. 
In order to make this important point perfectly clear, 
the following experiment must l>e made : Place an ordi- 
, nary piece of zinc in a solution of sal ammoniac and leave 
it there for some time, several weeks for instance, when 
it will be seen that the zinc is not attacked in the slightest 
^J^ree. If now a fragment of metal, iron, or copper, or 
«ven a piece of carbon, be added in the jar, it is soon seen 
that the zinc is attacked and a white salt is formed. 

It is thus seen that for the attack of sal ammoniac 

^pon the zinc the formation of a cell is necessary ; if the 

zinc does not touch the metal added, no attack takes 

place. 

We will not insist upon the many consequences of this 
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siniple experiment, but the plain resnlt is, that, in bat- 
teries formed witli zinc immereed in a Bolution of sal 
ammoniac, there is no eliemical action except when tlie 
batterj is doing useful work. 

From a practical point of view this advantage of sal- 
ammoniac batteries is capital, for in most applications 
batteries only work at intervals. In the principal tele- 
graph ofRces, where the greatest number of telegrams 
are sent and received, only intermittent currents are 
nsed, but in such quantities that an almost constant 
demand for electric current is imposed upon the battery ; 
but in branch ofUces there are generally long intervals 
between telegrams, and there is most frequently no service 
at all during the night. 

In the application of domestic bells, the battery should 
always be ready for vrork night and day; tlie current is 
consequently used, on an iiverage, but a few minutes in the 
twenty-four hours. In applications of this kind it ia seen 
that the period during whicli the batteries remain in- 
active is a hundred times, nay, two hundred times, longer 
than that during which tliey work, and that the economy 
should therefore be made during the time in which no 
current is required. 

We will add that, sneli as it is, it could be very well 
used for electric bells, and could, if necessary, serve in 
a branch telegraph office. The Lattery in question has 
indeed but one fault; it becomes polai'ized when fur- 
nishing a current. However, for such an intermittent ser- 
vice this inconvenience disappears; for during its short 

'riod of work, polarization is barely perceptible, and it 
sufficient time to disappear completely during the 
intervals of rest. To M. Leclanche is due the dia- ■ 
^^h M)f the advantages presented by the sal-ammonii^ 
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battery. He first oatablished the fact tliat a battery 
could be pi'oduced in wiiicli the waste did not exceed, in 
proportion, the electricity aoppiied, 

AuotLer advantage of tliia battery is tliat if, at a cer- 
tain time, it iB seen to weaken and there be no sal ammo- 
niac at hand, it ean be charged for the time being with 
common salt. 6ut this nteane should only be resorted to 
in an emergency, as the current obtained witli common 
Bait is less intense than that flemished by sal ammoniac. 

ACTIOX OF AIR UPON THE PRECEDING 
BATTERY. 

From various experiments made with cai'bon-electrode 
and sal-ammoniac batteries the following conclusions 
may be drawn : 

1. The surface of the carbon should be as large as pos- 
sible compared to that of the zinc; and by increasing the 
mass of carbon aeeoi-ding to a given quantity of zinc, 
jjolarization may be suppi-egsed. 

2. A part of the carbon should be exposed to the air; 
for it has been proved that when the carbon is totally 
immersed the intensity is diminished, but recovers as 
soon as some of the liquid has been taken out. This is 
what a French physicist calls Uttiiig the carbon breathe. 
The use of porous jars which oven-each the top of the 
f^lass jar is very important. 

3. Preference should be given to gas-retort carbon, on 
account of its porosity, and, aa we said in speaking of the 
chemical action in Volta's batteiy, it must be used in 
fragments large enough to permit the access of air. The 
-powdei-ed cake, formerly used, should be discarded. 

These conclusious will be readily admitted by the 
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reader, who can understand that the presence of oxygen 
in the pores of the carbon contributes to tlie depolariza- 
tion of tlie battery. It is possible that the particular fac- 
ulty of tlie carbon for absorbing gases in lar^ quantities 
here plays some part, and that the properties of the 
thns condensed in the pores of the carbon may be di^ 
ferent from what they are under ordinary circnmstancet. 

CHEMICAL ACTION IN SAL-AMMONIAC 
BATTERIES. 

A French chemist, in analyzing crystals formed in sal- 
ammoniac batteries, found this formula for them: 
3ZnCl, 4NH3, 4II0. 
Tlie gases given oif from the element were found 
to be : - ■■'■\ 

i Tolnmo of hydrogen. 
J " nitrogen and carbonic acid. 

-J- " heavy earhuretted hydn^o. 

Tliese results only confirm that which we have said 
above of the complicated composition of bodies fonned 
in batteries. 



OTHER BATTERIES. 

ZINC-IItON-WATER BATTERY. 

^ave already spoken, several times, of batteries in 1 
electrodes were zinc and iron; and we have | 
•ie zinc was always the generating electrode, ' 
WW conducting electrode. 
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Every one knows that to protect iron from rust it ia 
covered with ziuc, and is tlien generally known under tlic 
name of galvanised iron. 

If the galvanized iron be exposed to rain or humidity, 
the uncovered parte of the iron constitute a cell with tlie 
zinc, and the iron is protected by the zinc, Tliis electro- 
cheraicaJ protection increases considerably the impor- 
tance of the process of galvanizing iron. 

It must be said that the oxide of zinc produced by the 
exposure of the zinc to the air is insoluble in water, and 
forms a protecting layer which hinders further oxidation ; 
that is the principal reason for the use of zinc in out-door 
works alone or with iron. 



i 



IRON TIN BATTERY. 

It is interesting to examine, from the same stand-point, 
tinned iron. Tin is liable to but very little alteration 
in water or when exposed to damp air. For many years 
it has l)een the practice to tin iron, by which its dura- 
bility is greatly increased. 

It is important to note that if the iron be exposed at 
any point it is promptly attacked, because in the voltaic 
cell formed with water, or simply damp air, the iron is 
the generating electrode. Under these circumstances the 
rust is seen to advance step by step, and to lift up and 
undermine the protecting layer of tin. This metal pro- 
tects only the part it covers, but it renders the iron more 
liable to rapid rust than if it were not there. 
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ALUM BATTEET. 

Alum or potassio-aluminic sulphate (KAIj, 4S0^) is 
employed in several branches of iudustiy, 

A German physicist arranged a battery whose elec- 
trodes were ordinaiy zinc and carbon, and whose liquid 
vaa a solution of a!mn ; this batteiy ondciTgoee polariza- 
tion, of conrse, hut it is said to depolarize after the circuit 
lias been open but a very eliort time. 

The chemical action mnst bo very complicated in thia 
battery. When the already complex nature of the alum 
is taken into consideration, the addition of tlie zinc can- 
not but lead one to believe that the eouipositioa thus pro- 
duced is extremely complicated. 

At Mulhouse they use for electric-clock purposes a 
battery whose liquid is a mixture of sea-salt (500 grammes) 
and pulverized alum (200 giammes) dissolved in water. 
This application deserves notice, as constant batteries are 
generally thought to bo necessary for the service of elec- 
tric clocks. 

The cells of the above battery are very large : the hol- 
low carbon cylinder has an exterior diameter of 4J inches 
and an interior diameter of 3^ inches ; tlie plate of zinc 
18 2i inches wide, and these two electrodes are immersed 
about 10 inches in the liquid. Thei-e arc twenty clocks 
distributed in t\vo distinct circuits ; there are two clos- 
ings of the circuit a minute, eacli lasting one second, 
'here are sixteen cells, of wiiich two are chargad every 
ik in order to always keep the battery the same ; each 

^ works, therefore, four months without any attention 
ever. 
lother stc.'p in iidvance hiis been made in the ar- 
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rangement o£ a battery wliieh is only renewed once in 

every two years ; it is, however, only used in the fire- 
lelegrapb seryiee, which demands but little work. 

These practical examples show once more that if the 
use of single-liquid batteries fa well undei'stood, they can 
be employed in many instances. 

KEMARKS UPON SINGLE-LIQUID BAT- 
TERIES. 

It might be generally said tliat by taking any two 
pieces of different metals, or a piece of metal and a piece 
of carbon, and immersing them in some liqnid conductor" 
of electricity, a battery could be made. 

The more lively the action of the liquid upon the posi- 
tive electrode (negative pole), the greater intensity the 
battery will possess; there will be no action upon the 
other electrodes, at least not during the passage of the 
current ; that is, not while the exterior circuit is closed. 
The choice of this second electrode is, however, far from 
being a thing of indifference ; the less the electrode is 
capable of being attacked by the liquid, the gi-eater will 
be the intensity of the battery. That is the reason why 
platinum and carbon should be prefen-ed, at least with 
sulphuric acid, nitric acid, and the other liquids of which 
we have spoken. 

The electric action is the result, in reality, of the dif- 
ference of two chemical actions, one of which takes place 
while the other is prevented ; one of the electrodes is 
attacked, tlie other is preserved from the attack of the 
liquid (at least while the circuit is closed). 

The more energetic the action upon the positive elec- 
trode and the less this action upon the negative electrode, 
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the more developed will be the electric phenomenon. For 
instance, a zinc-acidulated water-iron battery has but little 
power ; the action of the liquid upon both electrodes is 
very lively as long as the circuit is open ; as soon as it is 
closed the action upon the iron is stopped ; but it reacts 
upon the attack of the zinc and diminishes it. If plati- 
num be substituted for iron, the zinc alone is acted upon 
and the platinum remains unattacked before the circuit 
is closed; when the circuit is closed and the current 
flows, the action upon the zinc is hardly diminished. 

Many persons have proposed compound liquids : mix- 
tures of sulphuric acid and sea-salt, mixtures of salted 
water and flower of sulphur, etc. Satisfactory results may 
possibly be obtained in this manner ; but this study ha&. 
lost a great deal of interest on account of the invention^ 
of constant batteries, of which we will now speak. 
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PAET 11. 
TWO-LIQUID BATTERIES. 

r._ 

Oppose polarization of electrodes, chemical eubstancea 
capable of absorbing tbc hydrogen as it ia given ofE upon 
the negative electrode must be employed. A second 
liquid is most frequently used for this purpose ; nitrio 
acid is eminently suitable for tiis ofBce. 

Ktpei'hnent. — Let us take a zinc-sulpliuric-aeid-plati- 
Duni battei'y ; canse the current it funiishea to pass in a 
galvanometer. The deflection of the galvanoinetric 
needle is seen to decrease, and thus mark the progress of 
polarization. Let us now throw a few di-ops of nitric acid 
around the platinum, and the intensity of the cuiTcnt 
will be seen to increase immediately, thus making mani- 
fest a decrease in the polarization. It is easily imdorstood 
that the nitric acid is decomposed by its contact with the 
hydrogen ; water and bioxide of nitrogen are formed, the 
freeing of which produces, at the contact with tlie air, 
nitric-tetroxide vapors, very sensible to the smell. 

In order to use nitric acid most advantageously, it 
ehould not be spread throughout the whele mass of the 
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liquid, but slionld bc concentrated around tlie electrode 
to be jxtlarized. To fiiMl this condition porous jare have 
been adopted to separate the two liquids, one of which' 
designed to dissolve the zinc and the other to dissolve 
hydrogen given off, or on the point of being given off, 
npon the negative electrode. 

The denomination " two-Iiqiiid battery" is badly chosen, 
l>Gcause in many instances, which we will cite, solidn are 
need as depolarizing agents instead of liquids ; it wonld 
have been more exact to say two-eUctrolyte hattery, bnt 
as this appellation is not in use, we do not think best to 
adopt it. 

In most cases chemical depolanzation is obtained by 
means of substances capable of famishing oxygen, which, 
combining with the oxygen, prevent the latter from free- 
ing itself and polarizing the negative electrode. 

In the experiment that we have described above, the 
I nitric acid, being decomposed, produces oxygen, and hence 
[ the result. Mitric acid NOj, being very rich ir. oxygen 
I and easily decomposed, was naturally fixed upon ; it is 

one of the best battei-ies known. 
I Other acids besides nitric acid could be need : cliloiio 
I acid CIO5, chromic acid CrOj, permanganate acid 
I MnjOv are indicated ; but tliey are not generally nsed ia 
[ this Way. 

' Salts (chlorate of potash, bichromate of potash, etc.) are 
generally substituted, which give off oxygen mider the 
k influence of the sulphuric acid. 

■ -It may he said, in a general way, that all means of pro- 
Klicing oxygen can be satisfactorily employed for the de- 

■ yanzation of the negative electrode of a cell. 

W Kiaes from which oxygen is readily freed might be 
I *yed instead of acids ; oxygenized water would be 
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excellent if the difScultj in preparing and preeerving it 
did not render it practically imposeible ; but the bioxide 
of manganese and the bioxide of lead may be used, as 
will be seen farther on. 

"We have said liow that acids rich in oxygen were not 
used alone ; they are generally in the shape of some salt 
from which they are freed by sulphuric acid, or, if need 
be, by some other. In the same manner, the combination 
of peroxides and sulphuric acid may be employed to give 
o£E oxygen. 

All the processes which we have just described con- 
6ist in the use of oxidizing bodies or oxidizing mixtures ; 
there is one more Mnd to be indicated ; namely, the use 
of chlorine, which is also an oxidant in the presence of 
water, because it tends to combine with the hydrogen 
and to free the oxygen. 

All the means for producing chlorine may be used for 
depolarization. 

We have yet to speak of a chemical means of depo- 
larization very different from any that we have hitherto 
mentioned, and which according to many is the best. It 
consists in the use of salts, such as sulphate of copper, 
which decompose nnder the influence of the current, 
depositing their metal and checking the freeing of 
hydrogen. The result is that a metal is deposited upon 
the negative electrode instead of gaseous hydi^ogen ; if, 
at the start, the electrode was of copper, its surface would 
remain unchanged, and consequently there is no polariza- 
tion. 

We will examine in detail all these means of depolari- 
zation and indicate the most important applications that 
have been made, always following the same method that 
we employed in the study of single-liquid batteries. 
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The firet idea upon the procesees which we have just 
mentioned dates from the year 1S29, and ie found in a 
memoir of BecquereL 

" It eliould be observed," eays Eecquerel, " that the 
battery carries in itself the cause of the continual diminu- 
tions in the intensity of the electric current ; for as soon 
as it begins to work, there take place decompositions and 
transportations which polarize the plates in such a man- 
ner as to produce currents contrary to the first one. The 
art consists, therefore, in dissolving these deposits, as they 
form, by means of properly placed liquids. . . . This 
is attained by means of the process that I have de- 
Bcribed. ... By thus diminishing the intensity of 
the secondary current, seosibly constant efEects may be 
obtained." 

It is this view, so plainly expressed fifty years ago, 
that has suggested the present work and which justiiii 
the classification that we have adopted. 

The first indication of a battery depolarized by means 
of a salt of the metal which constitutes the conducting 
electrode is found in the following words taken from 
Becquerel'a memoir : 

" Let us continue to use saturated solutions of metallic 
Baits, which cause no decomposition of the immei 
metal. Let ns then put with the copper a saturated 
eolution of nitrate of copper, and with the zinc a satu- 
rated solution of sulphate of zinc. The deflection of the 
galvanometric needle will reach 88° and then undergo 
I but a slow diminution. An addition of nitric acid to thi 
I solution of nitrate does not modify the intensity of th< 
I iirent. Tlie result is the same when sulphuric acid ii 
«i in the solution of sulphate, the zinc having beei 
'saned. Here is then a maximum effect." 
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Finally, Becqiierel speaks of depolarization obtained 
by means of nitric acid ; he experiments upon a cell con- 
taining zinc, copper, and a porous partition, the common 
liquid being a saturated solution of Kulphate of zinc. He 
says: 

"According to the general rule the zinc ought to be 
more attacked than tJie copper, and auch is the result ; 
the deflection is then 62°, and if a few drops of nitric 
acid be added in the compartment containing the copper 
plate, where the chemical action is moat feeble, the gal- 
Tanonietric needle will mark 86° and will remain station- 
ary for some time. . . . The same quantity of acid 
put with the zinc will sensibly diminish the intensity of 
the current." A httle farther on he says : "I once suc- 
ceeded in obtaining a compensation, so that the needle's 
deflections remained constant during one hour, an advan- 
tage never found in ordinary batteries." 

The only thing that escaped Becquerel'a notice is the 
part tliat the hydrogen plays in polarization ; lie did not 
observe the nature of the chemical reactions wiiich take 
place in those batteries now termed Danieil's battery and 
Grove's battery. He studied batteries from a purely 
physical Btand-point and neglected the chemical problem. 



CHAPTEE I. 

DANIELL'S BAnEET. 

In a first Beries we will put all tho batteries in which 
depolarization is effected bj the use of salts. In order 
to facilitate our exposition, we ought to divide this series 
into several categories, that of sulpliatea, that of chlo- 
rides, etc. In fact, the two that we have just men- 
tioned are the only ones vrhich possess any importance 
up to the pi'esent date. 

DESCRIPTION. 

As we are not paying any attention to the chronologi- 
eal order of discoveries, we will not describe the battery 




"Oaniell under the form given to it by its inventor in \ 
the form which we give is that in present use. 
21 repi-esents three cells joined in intensity. In , 
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each are seen the outside glass jar, a thin hollow cylinder 
of zine, s, a poreelain porous jar, and a strip of copper, c. 

The two liquids^a saturated solution of sulphate of 
copper in the porous jar and dilute sulphui-ic acid in the 
outside jar — are separated, but comiminicate with each 
other through the pores of the porcelain jar. The eop- 
per electrode is immersed in the sulphate, and the zinc in 
the acidulated water. 

The only difference between this battery and that of 
Tolta is the addition of sulphate of copper around the 
copper electrode. Tlie zinc diesolves, oxidizing and form- 
ing sulphate of zinc. The hydrogen produced by this 
reaction, instead of being given off upon the negative 
electrode, takes the place in the sulphate of copper of an 
equivalent quantity of copper, which ia deposited upon 
the electrode. This deposit not changing chemically the 
surface of the electrode, it ia plain that there is nothing 
hke polarization produced. In other words, the addition 
of sulphate of copper is sufficient to completely depolar- 
ize the negative or conducting electi-ode. 

Such is the simple combination due to Dauiell, the 
most perfect a£ yet invented. 

If the action of the battery continues for some time, 
all the sulphuric acid in the outside jar will be converted 
into sulphate of zinc; the action, however, is not in the 
least checked by this, and the electro-motive force re- 
mains almost the same. The chemical action that then 
takes place consists in the substitution of zinc for the 
copper in the sulphate of copper, and the progressive 
transformation of sulphate of copper into sulphate of 

In general pi-actice the battery is not charged with di- 
lute sulphuric acid ; neither is any sulphate of zine put 
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in the outeide jar, but simply pure water. At first tbe 
iictioa is more feeble, and the internal resistance of the 
ceil muck greater; bnt the sulpiiate of copper, which 
traverses tlie porouB partition, ib transformed intosiilphata 
of ziuc by the action of the zinc, and the pure water is 
soon found to contain a certain proportion of salt, by 
wiiich its conductivity is increased. This first period 
lasts a longer or shorter time, according to the circum- 
BtaTices ; but a very effectual way of shortening it consists 
in closing the circuit with a very short conductor, wMdt 
has no resistance ; the chemical action is thus made moiw 
lively, and at the end of an hour or two the battery may 
be said to liave reached its normal state of work. 

£lectro-7notive Force. — As this battery is not polarised^ 
its electro-motive force ought to be invariable ; in fact, the 
two expressions are synonymous. 

The experiment shows that the electro-motive force of 
Daniell's battery is indeed very constant. In the prao- 
tice it may be taken as a unit, and others can be compared 
with it. 

The British Association has adopted a unit differ 
very little from this one, and has given to it the name 
Volt. The cell, in which the electro-motive force is e: 
actly equal to the volt, differs but slightly from that 
Dauiell. It is a cell in which the copper is immersed 
a solution of nitrate of copper, and the zinc amalgamatt 
ID fiulphuric acid diluted with twelve times its weight 
mtter. 

Ij The electro-motive force of Daniell's cell is, we aai^ 
ery constant, and it varies but slightly vrith the tem' 

re. 

': haa been found that if it is 1000 at 18" centigrad^ 
only reach 1015 at 100° centigrade. It changes 
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very little with tlie acidity of the liquid. If it is 1079 
with acid diluted with four times its weight of water, it 
oaly diminish^ to 0.978 with acid diluted with twelve 
tiincB its weight of water. The richness of a solution of 
sulphate of copper liaa but little InflueLce upon it. 

M. Regnauld has given the following figures concern- 
ing a cell without sulphuric acid and charged with solu- 
tions of sulphate of zinc and sulphate of copper: 

Boliition saturated wiUi sulphate of copper 17S 

Tlie same, diluted wilU twice its bulk of water 175 

Tlie same, diluted with ten times its hulk of wutcr 174 

The snme, diluted with fifty times its bulk of water 172 

These numbers are not expressed in volts, hut a unit 
was taken which is equal to the electro-motive force of a 
bismuth-copper thermo-electric cell whose solderings are 
0° and 100°. 

The electro-motive force of a Daniell cell with sulphu- 
ric aeid and a saturated solntion of sulphate of copper is 
equal to 179 of the above units. It is therefore seen 
that the substitution of sulphate of zinc for dilute sul- 
phuric acid does not notably change the electro-motive 
force. 

We have said that it did not vary with the richness of 
the solution of sulphate of zinc; it has been shown th.at 
there is no pei'ceptible change when the solution is at 
first concentrated and then diluted with onehnndred times 
its bulk of water. The thickness or nature of the porous 
jar has no influence ; porous partitions of many kinds 
have been tried, such as gold-beaters' skin, pipe-clay, 
under-baked porcelain, tubes of rosewood and of the 
pear-tree, of ebony and of boxwood. 

Seaiatance. — It must, however, be acknowledged that 
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tbe condition and force of a batteiy are always variable ■ 
for if at the start the solution is too weak, it become! 
more and more concentrated, and its conductivity is coii*l 
Btantly changing. The following iignres show tliat itfl 
readies a maximiuii and then decreases : 

Solution concentrated with sulphate of zinc {speciflc gntTitj 

1.441) 0.771 

Tlie same, diluted with its hullt of wawr. T.li^ 

The same, diluted with three times its bulk of wat«r S.4f 

The conductivity of liquids varies also with the tem- 
perature ; that of a solution of sulphate of zinc reaches 
its maximum at 14° cent. 

If the nature of the liquid in the outside jar cliangi 
that in the porous jar will also change. In fact, the soln*^ 
tiou of sulphate of copper gradually weakens, and its c 
ductivity changes with its state of concentration and the. J 
temperature. 

A few crystals of sulphate of copper may be added i 
the porous jar to keep up the solution. The more cow 
centrated the solution becomes the heavier it gets, and 
in order to keep it in a state of saturation up to the top 
of the jar, tliey used to suspend crystals to the upper part 
by means of a sinatl diaphragm of copper soldered to thi 
strip of copper ; hut this precaution has been generalla 
abandoned, and the crystals are now simply thrown i 
the bottom of the jar. This suppression causes no incoi^ 
veniences, because the battery loses none of its qualitiaj 
when the liquid ceases to be saturated ; it is indet 
an advantage, for the consumption of sulphate is lea 
active. 
'i A saturated solution of sulphate of copper -has, lioTW 

i * Bee table 3, end of volume. 



DANIELL'S BATTEET. 91 

ever, a greater condaetivity tlian when it is diluted with 
water, as the following table sTiows : 

Sulphate of copper. Saturated solution (speciflc gravity 1. 171} 5.43 

The same, diluted to lialf 3.47 

The same, diluted to quarter 3.08 



It should therefore be admitted that the use of a 
diluted solution increases the resistance of the battery ; 
but it is probable that the sulphate of zinc in mixing 
with the sulphate of copper increases the conductivity of 
the liquid. 

Endosmose causes the liquid in the porous jar to rise 
slightly above that in the outside Jar ; finally, evapora- 
tion causes the two liquids to gradually descend and in- 
creases the riclinesa of the solution. 

All these i-easona, and others which we will soon give, 
go to prove that the resiBtance of Daniell's battery is 
constantly changing ; every time it is measured it is 
found to be different. 

The intensity of the current of Daniell's battery, as 
has been shown, varies considerably from one day or 
from one hour' to another, and as the electro-motive force 
does not change, it is clear that it must be the resistance 
which varies. 

Figures relating to the resistance of battery cells would 
possess but little interest, as they can only be approxi- 
mate, and applicable only to jars and electrodes of deter- 
mined dimensions, and to certain heights of the liquids 
in the jars. 

SELECTION" OF CELLS. 

In general, larger cells are used for local circuits, and 
amaller ones for telegraph lines, because the former are 
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less reBietant than the latter ; this difference results from 
the fact that the iriimeraed surface of the electrodes is. 
greater in the lai*ge ones, whereas their distance is almost 
the same. 

If things were looked at from a physical point of view; 

ily, the use of large cells would always be advanta- 
geous ; but in the practice there are other things to bo 
taken into coosideration. The convenience, and above 
all the economy in buying and keeping them in order, 
must be thonglit of. Large cells are more cumbei-some 
and more exposed to accidents ; besides, they are especi- 
ally dear, and the necessary supply of sulphate of copper 
and zinc plates tends to increase the expense. 

Consequently the use of cells as small as possible is 
recommended. It is necessary to understand perfectly/ 
how in long circuits resisting batteries present but few 
inconveniences, and how the larger cells are preferable lO. 
short cirenits. 

If in a very long circnit, of 3000 units of resistance, 
for instance, with a receiving instrument of 1000 unite^, 
a battery of 25 cells of 10 units each be employed, the 
total resistance of the battery will be 250 units, and that 
of the whole circuit 4250. The resistance of the battery 
is thus but a small fraction of that of the whole circuit; 
consequently the substitution of smaller cells, even if 
their resistance were twice as great as that of the first, 
ones, would not greatly increase the resistance of the 
circuit, nor, consequently, the intensity of the current.. 
But if, on the other hand, we take a short circuit of % 
units with a i^ceiving instrument of 3 units, and use a 
battery of 5 cells, each having 10 units of resistance, 
there will be in the battery 50 units and in the eircuit 55 
vaits of resistance. 
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It is Been that the resistance of a battery is the most 
important element, and by diminishing it one half bj the 
Bii)%titntion of larger cells the resistance of the circuit 
will be reduced to 30 units, and consequently the inten- 
sity of the current will almost be doubled. Let ub follow up 
this idea. The intensity of the current being much gi'eater 
with the 5 new cells of 5 units of resistance each, their 
number might be reduced to 3, for instance ; the resist- 
ance of the battery would then be 15, that of the circuit 
3(), and hnally tbe intensity of the cniTent (j^ or f) would 
bo still greater than that we had at the beginning. Tims 
for a short circuit larger cells slionld l)e used, only less 
n number, by which a saving is obtained. 

Porous Jars. — The porous partitions wliieh separate 

the liquids in constant batteries are generally made of 

porous porcelain; but one can use wood, carbon, blad- 

I ders, canvas, pipe-clay, paper pulp, and in general all 

snhBtances not chemically acted upon by the liquids. 

In his first e*[^ert(ne*ite:-I)«mell nsei^ a piece of bladder 
inside of and having the shape of a copper tnbe pierced 
with holes, which served as the negative electrode of liis 
cell; this membrane partition presented great advantages, 
its cylindrical form was excellent, and it was very gener- 
ally adopted ; it was very porous and electrically but 
little resistant. It was abandoned because it was too 
porous and too fragile. 

Finally porous jars, properly so called, were brought 
into use; they are made of porous porcelain. We will 
here only speak of this latter ; those made of pai-cbnient 
paper, canvas, etc., will be treated of in the description 
of those batteries in which they are used. 

We have explained how, in the regular and theoretical 
action of Daniell's cell, copper is deposited upon the cop- 
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I I per electrode. In the practice it is found that copper is 
r also deposited upon the inside surface of the porons jar, 
and even in the pores, which are finally stopped up ; after 
a certain time the jar ceases to be porous enough and 
ehould be replaced. That is one of the inconveniejices 
of this form of Daniell's cell, which, however, should not 
be exaggerated, as the porous jars are veiy cheap and 
may bo replaced at very little expense. 

In the telegraph service, a porous jar may sometimes 
eeiTe six months or a year. Purchasers of old metals 
buy these porous jars, often very heavily charged with 
copper, and know how to nae them to the greatest advan- 
tage. 

These deposits of copper in the interior of the po- 
rous jar frequently present a very interesting peculiarity: 
they show themselves upon tlie surfaces with a tree-like 
aspect; it is a slow ciystalli zation, which reminds one of 
the unfolding of a fem. 

It frequently happens that the deposit of copper acco- 
mulates upon certain points of the inside surface, and 
presents a crystalline sti'ucture, properly so called. Crys- 
tals are sometimes seen to attain the dimensions of ^ or 
^ of an inch. 

These deposits in the pores and upon the surface of 

the porous jar may easily be accounted for. Tlieyare the 

result of an electro-chemical action analogous to that shown 

in a previous experiment by De La Rive upon ordinary 

mercial zinc compared with chemically pure zinc 

! porcelain contains various heterogeneous particles, 

cli produce local actions and also the decomposition of 

sulphate of copper. It is probable that this deposit 

t place very slowly at first, but as the deposit accu- , 

*ei the process becomes more and more rapid. 
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These deposits of copper in and upon the walla of the 
porous partition possess another quality which we should 
not forget ; namely, that of diminiahing tlie internal re- 
sistance of the cell. This is a fact that oft-repeated ex- 
periments have proved. The explanation seems to us 
very clear. The porous partition presents a very great 
electric resistance, because the total seetion of the canals 
filled with liquid is extremely small. When a portion of 
this section is replaced by copper, a metal possessing 
great conductivity, the resistance should be reduced in 
proportion. 

It should be noted that, under these circumstances, the 
copper causes no polarization of the electrodes, otherwise 
the results would be entirely different. 

All this would lead to the belief that the choice of 
porous jars had great influence upon the intensity of the 
current, by changing the internal resistance of the cell. 
The results of several experiments show, however, that 
jars of diffei-ent states of porosity can change but slightly 
the resistance of cells. 

The conclusion points to the preference of jars of httle 
porosity in all batteries destined for continual and pro- 
longed work. They should be immersed in water before 
charging the battery; or better, charge the battery sev- 
eral hours before using it, in order to allow the liquids to 
penetrate the pores and come into contact with each 
other. 

Very porous jars have the disadvantage of allowing the 
liquids to mix too easily ; tlie result is a direct action of 
the zinc upon the sulphate of copper, and a deposit of the 
copper upon the zinc, wliich is a grave fault inherent in 
Daoiell'a battery, and upon which we will now enlarge. 

Local Actions ; Waste. — The sulphate of copper, 
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which penetrates the porous partition, comes into contact 
with the zinc, and is decomposed by an electro-chemical 
local action. Copper is deposited upon the zinc in the 
Bhape of black mud, which cannot be put to any nse. 
(This black powder is said by some to be oxide of copper, 
but this is an en-or, as can be easily shown by means of 
some feeble acid, as acetic acid.) 

This action does not co-operate in the production of 
the current ; it takes phxce especially, as can be easily 
derstood, with very porous jars ; but it exists in every ar- 
■angement of Daniell's cell, as will be seen as we advance. 
This inconvenience would be less if the current cireu- 
lated contiDually ; but in almost all applications, batter- 
i, and especially those of Daniell, are only used inter- 
mittently and at long intervals. Many of the telegraph 
batteries and those used for electric bells work but a few 
minutes daily, thus being nearly always in an open cir- 
cuit. Under these circumstances, the fault of which 
epeak is at its maximum. 

It is understood that if, on the contrary, the eeWs 
very actively employed, as in !m important telegraph 
office, this same fault is less grave ; the sulphate of cop^ 
per and the zinc are consumed much moi-e u^fully. But 
even in that exceptional case, where a Daniell cell fur- 
nishes a constant current, there is a certain quantity of 
sulphate of copper which, penetrating the porous jar, is 
decomposed by its contact with the zinc, and deposits 
^ npon the latter, copper in the shape of hlack mnd. 
I In short, we can say that an ordinary Daniell cell coni 
nnmea almost as much zinc and sulphate of copper when 
Hbeircuit is open, and when it docs no useful work, as 
F«en its circuit is closed, and wlien it really acts as a pro- 
W Ker of electricity. 
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This is aboat the only fault that can be fouTid in the I 
Baniell battery. Its gravity, however, has often led to !.^ 
the preference, in many instances, of other batteries, such ' 
aa that of Leclanche, which, however, do not fully fill the 
conditions of a constant battery. 

This fault is present in the Daniell battery to a greater 
or less degree, according to the porosity of the jars. 
Among the improvements upon Daniell's battery, which 
we will soon describe, there are some which possess the 
advantage of greatly reducing the detrimental effect in 
question. 

The copper, by entering the pores, diminishes the po- 
rosity, thereby improving the battery, for a certain length 
of time at least. But it is plain that, if the porosity be 
too much reduced, the battery will no longer work, for if 
the pores of the partition are completely stopped up, it 
would no longer furnish any current. 

Finally, the pure loss in the consumption of snlphate I 
of copper is less when the solution of sulphate is less con- \ 
centrated ; and, as the reduction of concentration does 1 
not diminish the electro-motive force, and does not nota- \ 
bly increase the resistance, there is a great advantage, as \ 
can be seen, in not using a saturated solution of sulphate 
of copper. 

It should be noticed ' that the deposit of copper upon 
the zinc does not change the electro-motive force of the 
cell, which confirms what we said of the constancy of this 
force in Daniell's cell. In some models, the zinc is ana- 
pended, so that it may not rest on the bottom of the jar 
and come in contact with any rubbish that might happen 
to accumulate there, which would result in local actions. 
It is an established fact that, in ordinary batteries, the 
lower part of the zinc is more consumed than that near 
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tlie top, Tlie cause of this is due partly to the contact 
of this rubbish with the zinc, producing local actions. 

Climeino Salts. — Tlie Daiiiell battery possesses one 
more little fault that slioiild not be left unnoticed. 
When the liquid in the outside jar begins to bee6me sat- 
urated with sulphate of zinc, climbing salts are formed, 
which ascend the walls of the outside jar, and even of die 
porous jar, ranuing over the rim of the former and de-. 
Bceuding on the outside. All this can, however, be avoid'?^ 
ed by proper care and attention. These salts establisln 
pennauent communication between the different element» ' 
of the cell, which communication contributes to the 
waste. The manner in which these salts are formed is 
very easy to understand. 

In the beginning, either by a slight movement or other- 
wise, Borne of the liquid is thrown upon the sides of the 
jar. Evaporation causes the disappearance of the water 
and leaves crystals. Immediately, capillary action sets in, 
either between the crystaljs and the side of the jar, or along 
the side of the crystals, and a small quantity of liquid thus 
rises above the general level. 

Evaporation again causes the formation of new crystals, 
which ie facilitated by the thinness of the layer. This 
action continues step by step horizontally and vertically. 

As long as the formation of climbing salts does not mn 
over the top of the glass jar, or establish any permanent 
communication between the elements, it is not unfavora- 
ble. It might indeed be considered as an advantage, as it 
reduces the concentration of the sulphate of zinc solution. 
We have previously shawn by figures that a saturated 
■^Intion lias less conductivity than when diluted to half. 

hen the solution is saturated, it is incapable of dissolv- 
the salt formed by the action of the battery, and tha 



^r DANIELL'S BATTERY. 99 

most unfavorable thing that can then happen is a deposit 
of crystallized sulphate of zinc upon tlie zinc or upon the 
immersed part of tiie porous jar, for it stops the chemical 
action or the communication of tlie liquids. It is there- 
fore advisable to take the climbing salts completely away 
and not to put them back in the glcss jar. 

To suppress the production of climbing salts, it has 
been proposed to spread a thin layer of oil upon the sur- 
face of the liquids, which would check all evaporation; 
this liaa, however, received no application, on account of 
the unclean lin ess it would inevitably cause. This layer 
of oil would also occasion rapid concentration, which, as 
we have stated, diminishes the conductivity. The climb- 
ing salts may be kept from running over the top of the 
glass jar by smearing the top with some greasy substance 
(paraffin, for instance). 

Climbing salts of sulphate of zinc are very easily de- 
tached from the glass, either with the fingers or with a 
rag ; but they hold much more firmly to the porous jar, 
and it is with difficulty that they may be detached from 
it by rubbing. Therefore, tlte top part of the porous jar 
which stands out of the liquid should be carefully glazed ; 
the salts may then be taken off as easily as from the 
glass. 

IMPROVED DANIELL CELL. 

We have sought to construct as satisfactory a Daniell 
element as possible. The following is the disposition 
that we have decided upon : 

The positive electrode is formed of a cylinder of zinc 
surrounding the porous jar, and is held at a small distance 

tfrom the latter by means of small sticks of wood placed 
vertically between the two ; the zinc and the small aticfce 
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are held in their place by being tightly bound together at 
the top and bottom witli pieces of string. 

The connecting strap of the zinc is cut out of the Banie 
fiheet of metul as the cylinder itself, which dispenses with 
any loss in the cutting, provided two cylinders with their 
connecting straps be cat out of the same piece, one in the 
reverse manner from the other. 

The copper electrode is cut in the same manner out of a 
sheet in tlio form of a cylinder, which is placed inside the 
porous jar ; small sticks of wood placed around the copper 
and bound to it with string keep it from coming int«' 
contact with the interior surface of the porous jar. 

At two thirds of the height of the copper is fixed, with" 
out solderings and simply fastened in the copper, a circular 
piece of copper pierced with holes, thns forming a parti- 
tion without impeding the movement of the liquid. 
Upon this partition are placed snlphate of copper crystals, 
which hold the solution at saturation, 
I In the outer jar is put a solution of sulphate of i 
llpoeseeeiag its maximum conductibility ; that is, a solution 
I '^rat Batui-atcd and then dihited with its bulk of wate* 
I Ic weight about 1,10). This dispofiition is intendef 

I ice to a minimum the internal resistance of the ele 

' and to render it as compact and sohd as possible. 

ixperlnienta of precision it is best to ascertain, ; 
larting, the density of the sulphate of ziiie by means 
, hydi'ometer, and to always keep it the same by add- 
^, from time to time, some pure water, as the solution 
»>mcs concentrated either by evaporation or by the 
ution of sulphate of zinc in the battery. 

oubtedly the use of a saturated solution of sol-" 
_ copper greatly increases the expense of the bat- 

^^^v 'Ve are now supposed to be talking of an appara-. 
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tiis designed for experiments of precision and in which tlie 
question of expense is Beeondary.. 

From this point of view the preeaiitions that we have 
suggested appear to ns to be indispensable. How indeed 
could the internal resistance of a cell be advantageoHsly 
measured unless the respective distances between the elec- 
trodes were invariable and the composition of the liquids 
known and determined? 

It is only with elements arranged in the above manner 
that it may be hoped to obtain concordant or even com- 
parable results. In truth, it is very probable that these 
precautions will not be sufficient, but they are necessary. 

BALLOON" BATTERY. 

Another arrangement of Danieii's battery, represented 
by Fig, 22, has been and is still used in some countries. 
It needs no attention for six months, or more, at a time. 
The flask, which surmounts the cell, contains two pounds 
of sulphate of copper crystals, and is tilled with water. 
The flask is closed with a perforated cork fitted with a 
glass tube ; tliis tube descends as far as the liquid in the 
porous j'ar. The solution of sulphate of copper being 
more dense in proportion as it is more concentrated, it can 
he seen that the part of this solution which is in the po- 
rous jar is constantly held at saturation, for as it weakens 
it is supplied by the saturated solution which descends 
from the flask. 

The glass jar of the cell is closed with a wooden lid, 
which supports the flask. The result is that evaporation 
is reduced to almost nothing, and, consequently, there is 
a very slight or no fonnation at all of climbing salts, and 
the liquid is preserved. 
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This battery has been known to woti: for more than a 
year without i-equiring anj attention, dnring which time 
it satisfactorily met all practical retiuii-ements. 




It has, however, been replaced by more economical ■ 

batteries, such as Callaud's or Leclaiiclii5's. 



A REVEKSED FORM OF DANIELL'S BATTERY,| 

For a long time Daniell's battery was arranged in a I 

manner the reverse of that which we have already d&- J 

Tcribed, The zinc, in tkts Bhape of a solid cylinderJ 

\ich served as soluble eIectro<le, was placed inside ofl 

ooronB jar, instead of outside. The copper was placet 

d the ontside of the porous jar, sei'ving at the samta 

as conducting electrode and as the jar containioj 
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the liquid. In addition to the exterior hollow copper 
cylinder, another was placed nearer the porous jar, iu or- 
der to dininiitih the resiitanee of the cell. Tliia interior 
cylinder of copper was pierced with holee, to facilitate 
the circulation of the liquid (solution of copper sulphate). 
Finally, crystals of copper sulphate were put between 
the two copper cylinders, in order to keep the solution in 
a state of saturation, in spite of the coiisamption of the 
battery. 

At first sight, this arrangement would appear to be 
much superior to that previously described. In this one 
the glass jar is suppressed, and consequently the many 
accidents resulting from its brittleness are avoided. It 
has, however, been abandoned for the first arrangement 
on account of the following reasons : 

1st. The batteiy with the copper jar costs a great deal 
more, because of the large quantity of copper required, 
and also on account of the quantity of copper sulphate 
with which the battery is charged at the beginning. 

2d. The copper jar might become pierced, and the 
liquid would then leak out ; a few impurities in the metal 
would suffice to set up local electro-chemical actions, and 
thus bring about perforation. 

3d. Cast zinc is used, which presents another disadvan- 
tage. For, during the process of casting, very often little 
cavities are formed in the zinc, into which the liquid pene- 
trates, thereby producing local actions and uselessly con- 
suming the zinc, 

4th. The zinc nearly fills the porous jar, thus leaving 
but little room for the liquid, which is soon saturated 
with the sulphate of ziuc and becomes incapable of dis- 
eolving any more. This is a grave fault in the working 
of the battery. - _ 
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"We must do Daniell the justice to Bay that he had i 
foreseen tliia difficulty, and liad proposed an accessory 
arraugenient for the renewal of the water destined to j 
dissolve the sulphate of zinc ; bnt tliis addition compli- I 
catcd the apparatus and increased the cost. 

The cell might be sensibly improved by the substitu- 
tion of a thin, hoUow cylinder of zinc for the massive 
zinc used above ; the quantity of water in which the zinc 
is immersed would thus be greatly increased. 

It is well to note, before leaving this eubject, that the 
finrface of the negative electrode is comparatively much 
larger than that of the soluble electrode. We said, in 
speaking of Wollaston's battery, that this condition waa 
very favorable in single-liquid batteries, but it is not so 
in two-liquid batteries, or at least not in Daniell's battery. 
Since the depolarization of the negative electrode is com- 
plete, there is no advlmtage in iuereasing its enrface. 
The considerations which prevail in the choice of eleo- 
L trodes have been clearly indicated in that which we have j 
L pat said. J 

I TROUGH BATTERY. I 

I Still another arrangement of Daniell's batteiy is rep- T 
lieaented by Fig. 33, and the above name given to it. i 

I A trough is made of teak and divided into ten cells by 
■ elate partitions ; each cell is then subdivided by a porous 
B partition of nnglazed porcelain, A zinc plate is placed 
I in one of these divisions, and a thin copper plate in the 
m next one, and so on, until the ten cells are occupied. 
I The copper plate of one cell is permanently connected 
I "Hh the zinc of the next cell by a copper strap caet into 
f rinc and riveted to the copper, which is easily bent 
he slate partition, J 
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The last copper and the Wt zinc plate are each coa- 

brass binding screws or teruiiuals, which be- 

^lue respectively the positive and negative poles of the 

Mttery. 

A solution of sulphate of copper and a few crystals are 

1 the copper divisions ; in the othere, pure water 

^r a very weak aolutioii of sulphate of zinc. 

TluB arrangement presents great advantages; it dis- 

I penses with gloss jars, which souietinies break without 

any apparent cause. The trough is made water-tight by 

coating it internally witli marine glue, and the liquids 

Pnght not to leak out. But it unfortunately happens, 
}metinieB, that the marine glue chips off, and one cell 



.« »*.*«.*•.<» 



•s ft 



Prn, 33. 

Mraes leaky. When this occurs, the battery must be 
(paired. 
( The trough is very solid, and is easily transported when 
t charged with liquid. The zinc and copper electrodes 
[ each cell are at a well-regulated distance from each 
ar, &nd do not touch the porous partition if the bat^ 
try ifl carefully charged. 
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These last conditions are fulfilled with difficnlty where 
(^findrical etement» are naed. The trough having a 
wooden lid, there ia very little evaporation. Of all known 
forms, this is the least cumbersome. 

The dimensionB of the electrodes are generally, for the 
zinc, 3f in. by 2 in., and for tlic copper, 3 in. square. 
The battery will work a month without the necessity of 
opening the trough. One of these batteries of ten cells 
coets (5.25, and the keeping it in oi-der $2 per annnm. 

CON"VENTIONAL FIGUItE. 

Batteries are generally represented by a conventional 
" [ure, which originally repi-esented Daniell's trough bat- 
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7, or the sand battery, of which we epote in Part L 
ich cell is represented by two lines (Fig. 24), the short 
I'l thick one representing tbe zinc, and the long and 
' one the copper. Z and C mark respectively the 
and positive poles of the t 
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MUIBHEAD'S BATTERY. 

There are a great many aneh in use in England. 

The outside jar ie made of white porcelain and is 





KjTiare. Tlie porous jar, made of red eartlienware, con- 
■ins the negative electrode and the sulphate of copper, 
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and is placed in the square porcelain jar, which containg 
the zinc electrode and the sulphate of zinc. The eieo- 
trodes are the same as in the preceding battery. 

For economical reasons these cells are taken bj twos ; 
that is, each onteide porcelain jar contains two compait- 
ments and two complete cells. This arrangement pre- 
sents a very favorable condition, which is also met with 
in the cylindrical cells described at the beginning ; viz., 
the compartment containing the salphate of zinc is qnite 
lai^ Fig. 25 represents several of these cells together. 

CAERE'S BATTERY. 

Carre'8 battery differs from the ordinal^ Daniell bat- 
tery simply in the substitntion of a vessel made of 
parchment paper for tlie ordinary porons jar. This 
porous partition offered very little resistance, which re- 
alized the object of its inventor. The whole batteiy 
indeed was arranged with a view to diminishing the re- 
' eistance. The zinc cylindei-s were 22 in. high and 4J in. 
I in diameter. 

I Sixty of these cells were used by M. Carre for electric- 
I light purposes, which is, we think, worthy of mention, 
as it was the first time that DanicU^s battery had been tried 
in that way. 
I In fact, M. Carry's arrangement was only fit for eleo- 
I trie-light purposes ; that is, to furnish a continnous cur- ■ 
|||»nt of great intensity for several hours. The frailty of 
^r ^porous partition rendered the battery useless for any 
W - of long duration. We believe, however, that this 
I in spite of the disadvantage we have pointed 

I again be taken np by persons interested in 

I light, who eoald give it a fixed place and 
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E3are of it. In the nse of tliis battery, the dis- 
cid vapors, wliicli are dangei^ouB to inhale, 
', would be avoided, and the expeiiKe would be compaia- 
tively small. 

Tliis hattery haa been known to work 200 successive 
hours witliout any sensible weakening, by carefully i-e- 
placing, every 2i houi-s, a part of the sulphate of zine 
with pure water. 






SIEMENS AND HALBKE'S BATTERY. 

This battery is a Daniell battery with a porous Jar, 
like tiiose which precede, and is very extensively em- 
ployed in Europe. 

The copper, c, is at the bottom of the glass jar (Fig. 26), 

id the diaphragm or porous jar has the form of a bell. 
A thing to be noted is the central cliimney, in which 
there is a glass tube through which a copper wire, at- 
tached to the neg.itive electrode, passes, fonning the con- 
nection of the positive pole. Tlie ]K)rous jur Bustaina a 
'mass of paper pulp, dampened with sulphuric acid, and 
th'jn dried. The zinc, s, placed on top of the pulp, is a 
vei'y thick cylinder, melted in a mould antl carrying a 
vertical appendix, to which the positive connection of 
the adjoining cell is attached. 

The arrangement of this battery has l>een changed 
seveml timea. At first there was no poi-celain porouts 
jar, but simply the paper pulp. The general character- 
istics, however, have remained the same. The great 
thickness of the porons Jar suppresses almost completely 
the diffusion of the sulphate of copper, and consequently 
tlie waste chemical action and the useless consumption of 
zinc juid sulphate of copper are avoided. On the other 
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hand, however, the internal resistance of the cells is co^ 
BJderable, so that they cannot be used aa local batteries. 
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iwell Tarley suggested a means o£ completely 
Ig the passing of the stilpliate of copper throng 
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the porous partition, a tiling wliieli Siemens and Halske 
only slightly dirainished and slackened. This means con- 
Biste in the substitution of oside of zinc for tlio paper 
pulp in tlie pi"eceding battery. It is easily nnderetood 
that tlie sulphate of cop|)er, which enters the mass of 
oxide of zinc, forma sulphate of zinc, and deposits oxide 
of copper in the shape of a black powdei-. 

This original idea was porhajw never put into applica- 
tion outside of Varley's laboratory. But it deserves 
notice, for it shows the reader what an infinite variety 
of resoui-ces cliemistry presents to those who know how 
to search for them. 

It is clear that this porous partition becomes destroyed 
in time ; it is also very resistant. These are all incon- 
veniences in daily practice, but are unimportant in labo- 
ratory experiments, which re([nire as perfect a battery as 
possible. 

MINOTTO'H BATTERY. 

This is in form a Daniell battery, extensively nsed in 
Italy and throughout British India, It consists of a jar, 
at the bottom of which is a copper plate fitted with a 
wire covered with gutta-percha, which ascends to the 
top of the jar and serves as a connection. This electi-ode 
is covered with an inch of crushed sulphate of copper, 
this again with a layer of river sand, and finally a plate 
of zinc of considerable thickness. The crushed sulphate 
of copper is separated fi-om the sand by a piece of 
cloth or blotting-paper. Sir William Thomson recom- 
mends sawdust instead of saod. The zinc is of con- 
vex form, in order to permit the freeing of bubbles of 
hydrogen which sometimes form themselves in Daniell's 
battery. 
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These batteries last cigliteoii or twenty months npMt 
important telegraph lines, and as long as thirty-two 
months upon lees important lines. 

TEOUVi'S BLOTTING-PAPER BATTERY. 

Trouv6'6 battery is one of the latest in oditi cations of 
Daniell's battery. Fig. 27 represents a separate celL 




At the top there is a plate of zinc, at the bottom a 
plate of copper, and between the two a coiiBiderable 
' thickness of blotting-paper. The upper half of the blot> 
ting-paper ia wet down with a concentrated solution of 
sulphate of zine, and the lower half with sulphate of 
copper. We have, therefore, all the elements of a Daniell' 
I battery. 

It is of course plainly tindei-stood that when this Iwt- 
' is perfectly dry it is alisolutcly inert. To make a 
wee of electricity, or, more simply, a voltaic cell, water 
*■ be added ; only that quantity which the paper can, 
18 necessary. Thus there is no free liquid, and' 
might have called his battery a ?«( 
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order to diBtmgnieh it from liquid batteries properly so 
called. 

Let 08 return to the description of the cell. The two 
electrodes and the blotting-paper are held by a central 
piece of copper, insulated by a tube of ebonite, which 
goes above the zinc and penetrates the cover of the glass 
jar, whose edges should be well ground in order to pre- 
vent all evaporation. This central piece of copper is 
finally furnished with a. binding screw, to which the con- 
nection of the adjoining cell oi' of the circuit is fastened ; 
tiie negative pole is a copper wire soldered to the upper 
part of the zinc electrode. 

Several advantages of thia battery are easily seen. 
When it is dry there is no waste whatever, although it be 
charged. To dry it, it is only necessary to expose it for 
a few liours to tlie sun or to a current of air. If it is to 
lie used, the elements must only be moistened. If the 
cells are separated from each other like the one repre- 
sented in the figure, they must be put under the faucet of 
a fountain which runs slowly. This operation should be 
repeated after a short interval, in order to allow the first 
water to saturate the paper to the centre. Tlie cell is 
sufficiently moist when, by pressing the zinc and the 
copper between the thumb and index, drops of water are 
seen to ooze out u^xtn the surface of the paper. Wlicn 
several cells are attached to the same cover, as in tlie 
iiiilituiy or medical battei-ies which we will describe far- 
ther on, they are immersed in special vessels and left 
there about a half-miuute. 'Whatever the method he 
(and tlic choice is not of much importance) of moists 
euitig the elements, this done, they are placed in the 
glass jar or in the ebonite box, where they may re- 
main several months, always ready for work, and indeed 
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eontimially working and fTimishing a remarkably regulai 
currenl:. 

This regularity constitutes a new advantage in Tronve't 
battery, upon wliieh we will insist before passing to its 
applications. 

The liquids of ordinary batteries have a movement bnt 
slightly impeded by the porous jar, whi<ib resnlts in tbeJ!, 
mingling, as we have several times explained. The con- 
sequence is that local actions, whicli disturb the normal 
working of the battery, taie place and occasion waste. 

In Trouv^'s arrangement the movement of the liquid 
is almost suppressed, consequently there is very littl^ 
mixing of the sulphate of copper with the sulphate t 
zinc, and there are scarcely any local actions ; that is, therS 
is no reduction of the sulphate of copper upon the sur- 
face of the zinc. An evident economy of matter coa- 
Bomed by the battery, and other interesting facte, are thffl 
results. The liquids keep their respective positions a' 
most without mixing, the resistance varies very slowty, 
and conseqnently the intensity of the current possesses 
great constancy. 

We have often made the following experiment vrith i 
Daniell porous-.jar battery. Having closed the circuit ii 
the evening upon a galvanometer, it was found in the 
morning, twelve hours later, that the deflection i 
actly the same. But if th« circuit were opened only onfli 
. minute and then again closed, there was observed a uota 
l2?le difEerence. 

■If the same experiment be made with Trouve's 

the intensity of the current is found to be the saine^ 

e momentary rupture of the circuit, as it was b» 

forence in the results shows that the variatioB 
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of the resistance takes place suddenly and abruptly in tlie 
ordinary Daniell cell, and on tlie other hand very slowly 
in Tronve's arrangement. 

"We have insisted upon the constancy of the eloetronio- 
tive force of Daniell'e battery in general. Under the 
form given to it by Trouve is added that very important 
fjnality which conBists in the existence of a slightly varia- 
lile resistance. 

Kechaeoe of the C'ELt. — When the cell has worked 
Eevcral months, more or less, the snlphate of copper ie 
used np and converted into enlphate of zinc, and in order 
to give to the cell its flrst energy it must be recharged in 
the following manner: 

The sulphate of zinc, which has taken the place of the 
sulphate of copper in the lower half of the paper, must 
be dissolved in pure water. For this purpose there are 
especial vessels having the desired level of tlio water 
marked upon their sides, for the sulphate of zinc which 
is in the upper half must not be dissolved. This same 
vessel must then be filled to the same level with a warm 
saturated solution of sulphate of copper, in which the 
lower half of the elements are immersed and left there 
three or four minutes. At the end of this time tlie sul- 
phate will have penetrated from the circumference to the 
centre of the paper, and the cell is recharged. The cell 
should then be left to diy, and when it is to l)e used 
it should be dampened as we have said iu the begin- 
ning. 

MiLrrABT Battert. — Trouv^'s battery has been ap- 
plied in military telegraphing and with very good results. 
This battery consists of nine cells, distributed in three 
boxes, each containing three cells, as shown in Fig. 38. 
The boxes are made of ebonite, and have slate lids, to 
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wbtdi the cells are attached ae in tlie separate cell, Fig. 
27. The three boxes ;ii-l' then placed one above another 
ill the defiii-ed order, and enclosed iu n large oaken box. 
Thifi outride box ia carried hy lueaus of a strap thrown 




oyer the shoalder, or placed npon a wooden frame i 
tened on tlio back. The cells are 2f in. in diamet 
and 1^ in. in thickness. 

Mei>ical BATTEKy. — For the medical application of i 
continuous cnrreiit, Trouve arranged a battery of thre 
Bniall cells, each being ahuuC au inch in diameter and l|l 
in. in thickness. Tlie I'esiilt shows a coneiderable i 
sistancc. These cells are taken by forties, sixties, ( 
.eighties, and attacheJto a single piece of slate, and plat 
ill a water-tight wooden box, to the cover of wliich ti 
connections are fastened, so that the whole or only ] 
of the battery may be used at will. 

These cells last a lung time, beeausc they contain i 
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comparatively great quantity of Biilpliate of copper, and 
because they work in circuitB of very great resistance. 

There is a very decided advantage in tlieir great in- 
ternal resistance for medical purposes ; for the quantity 
of electricity which circulates is very small, and the 
electro-chemical decomposition at the contact of the con- 
ductors with the body of the patient is insensible. 

Kesistanoe m Tbouv6's Battery.' — The largest model 
yet made is 3^ in. in diameter and 2^ in. in thick- 
ness. It is understood that, with this thickness, the re- 
sistance of the cell is inversely proportional to the sec- 
tion of the disc electrodes. The regular form of these 
cells is nmch more convenient than that of ordinary 
liquid batteries for exact calculations. 

By modifying the diameter of the electrodes and the 
thickness of the blotting-paper between them, the resist- 
ance may be regulated at will. 
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rolled in the shape of a cylmder 1^ in. liigli and 1^ in. 
in diameter, and is placed at the hottoiii of the jar. A 
copper wire covered with gutta-[«jreha and riveted to 
the copper cylinder passes through the liquid, and being 
twice bent, is soldered to the zioc of the adjoining eell. 
If the wire were not inanlatod by the gutta-percha, it 
■would be liable to be cut at the line of separation of the 
two liijuids,* 

The sohition of sulphate of copper ia at the bottom of 
the jar, and remains there, because it is heavier tban that 
of sulphate of zinc, which is placed abo\'o. 

Charoe and Maistenaxci:. — The zinc being put in 
place, flu the jar to within half an inch of the t<jp of the 
zinc with water containing one tenth of a saturated solu- 
tion of sulphate of zinc. In general, when the solution 
of sulphate of zinc is poured in the water, the latter be- 
comes slightly cloudy, which is the result of the presence 
of a small quantity of carbonate of lime in the water, es- 
j>ecially if well-water; the addition of the sulphate of 
zinc brings about a reeiproeal action ; carbonate of zinc is 
formed, and sulphate of lune is precipitated. But this 
precipitate, being in a very small quantity, remains a long 
time in suspension, during which time the whole Uquid 
aaeumee an opaline tint. At length the sulphate of lime 
falls to the bottom of the jar. It does not sensibly alter 
tlie action of the battery. 

The sulphate of copper is added by means of a siphon. 
The solution, prepai-ed beforehand, is conducted to tlie 
bottom of the jar and increased until the water is within 

* This is explft'med by a local action, the formation of b cell lie- 
tueen the two liquids aiid the copper wire. It will be aeeii fartlier 
a current can be produced uuder those circumstances, and 
fPBBturalnsult is that the copper is dissolved in oue of the liquids. 
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A quarter of an inch of tlie top of tLe dnc. Tlie snt 
phate of copper does not remain separate at the bottom 
of the jar; it mingles with the lower part of the r 
the liquid, and consequently it h a diluted solution and 
not a saturated one, wliich snrrounds the nejjative elec» 
trode. We have already said, in speaking of the poroust' 
jar battery, that a saturated solution presents no advan- 
tage and only renders the local action more enei^tie. 

The quantity of sulphate inentioned is snfiicient for 
one month. A too great weakening of the solution may 
be recognized by the discoloration of the lower stratum 
of liquid. 

When the sohition of sulphate of copper is again add^ 
ed, it is better to take off about a quai-ter of an incli from 
the top of the water, unless evaporation has already low- 
ered the water, in which ease some pure water sliould be 
added, in order to reduce the concentration of the sul- 
phate of Kinc. 

It is best to examine the battery every three months; 
bnt if it is properly taken care of from month to month, , 
it need only be thoroughly cleaned once a year. Whes 
this is done, the deposits formed uj'*^" the surface of the' 
zinc should he scratched off, the jare waslied, and the 
liqnids renewed as in the beginning. 

We add that twenty -six batteries, eighteen cells in each, 
distribnted in as many stations, caused an expense' of fif* 
cents yearly for each cell. This result, calculated 
three years' experience, has the value of practical 
lation. 

■oja. Actions axd Lost Work, — Daniell's gravity 

*B nut free from that great fault that we Lave 

which consists in the locid chemical actions 

oot co-opei'ate in the production of eleo- 
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tricitj, iiud which even take place when the circuit is 
open. 

Tlie two liquids, one above the other, wonld mingle 
extremely slowly if it were not for several causes, which 
we will examine. If a gravity cell be closely observed, 
the formation of gaseous bubbles at the contact of the 
zinc, and even upon the surface of tlie copper electrode, 
is seen, and these bobbles, freeiiig themselves from time 
to time, praduce an agitation of the iiqnid. Indeed, two 
distinct cniTents in the liquid are seen, descending on one 
side and rising upon the other, which brings about a very 
slow mingling of the liquids. "We will again have occa- 
sion to speak of these bubbles of gas and their efEecta ; it 
suffices for the pi'esent to observe the movement thej 
produce in the liquid. The result of this movement is 
tfiat a small quantity of sulphate of copper ascends tq the 
top. This salt decomposes at the surface of the zinc; 
copper is deposited, and an equivalent quantity of zinc is 
dissolved. The copjjer generally attaches itself to the 
lower part of the zinc, and frequently in the shape of 
pendants or stalactites, which hang below the zinc. The 
longer these pendants become the more rapidly they 
grow, and if they reach the level of tlie sulphate placed 
in the bottom of the jar, the battery becomes rapidly ex- 
hausted. It is, therefore, very advantageous to detach 
these stalactites, which can be done, when the battery is 
examined, by sharp taps on the zinc. The zine ehoold 
be in a perfectly horizontal position; for if one side were 
lower than the other, pendants would form themselves 
rapidly on the lower side. 

Kesistasce of Calt.aud's Cei.l. — Tliere are two sizes 
of Calland's cell in use, one of which is much larger than 
the other ; but tlie separation of the electrodes balances 
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the difference in the dimensions, and the two cells have 
sensibly the same resistance. 

This resistance has been observed to vary from 37 units 
at the beginning, when the water contains very little sul- 
phate of zinc, to 51^ units after 23 days' work ; that is, 
when a considerable quantity of sulphate of zinc has been 
formed. These figures confirm that which we have pre- 
viously said of the Daniell gravity cell; nonexact figures 
even for batteries of well-determined dimensions can be 
given ; only vague limits between which the resistance 
varies can be fixed upon. At all events, Callaud's cell 
should be considered as possessing a very feeble resist- 
ance, and as well adapted for local as for long and resist- 
ant circuits. 

APPLICATIONS OF CALLAUD'S BATTERY. 

This battery was not very extensively used by the Eng- 
lish, because they claimed that, to work well, it should 
not be moved at all. This, however, should not be exag- 
gerated, as in France the battery is placed in a box upon 
rollers. Tlie box remains under the table during work, 
and is only pulled out when the battery is to be examined 
or recharged. This movement has no sensible effect upon 
the working of the battery. 

It has been adopted in Italy with a slight modification. 
The glass jar, instead of having the shape of the ordinaiy 
one, is compressed in the middle, thus dividing it into 
two compartments. The zinc rests upon the border of 
this partition. The diameter of the jar at the top and 
bottom is four inches, and that of the middle portion is 
only two inches. These dimensions would seem to in- 
crease the resistance, without presenting any counterbal- 



ORAVITT BATTERIES. 123 

ancing advantages. T]ie dimensione of tho Italian bat 
tery are smaller than tlioee of the French model; but 
Bneh ae it is, it lias for several years given great satisfac- 
tion, as much on acconnt of its constancy as on account 
of the economy and facility of keeping it in order. 

This battery is very extensively employed in the United 
States. Tlie monthly expense of keeping in order 600 
Calland cells, distribnted in three batteries which supply 
ten circuits, is about $30. 

There is another modification in use in the United 
States, to which Mr. Lockwood, its author, lias given hia 
name. The peculiarity of this form consists in the use 
of two flat helices as the copper electrode. One of these 
helices is placed at the bottom of the jar, and the other 
above the snlpliate of copper. This disposition certainly 
renders the I'esistance of the battery less. Lfickwood 
nses crystals of sulphate of copper, which, accoi-ding to 
our view, uselessly increases the cost and the local ac- 
tions. 

TROIJVE-CALLAUD BATTERY. 

Tronvfi arranged a Daniell gravity battery, which is 
I extremely cheap, Tronv^ had in view the application of 
bis battery to medical purposes— it furnishes a coQtinu- 
' ons current — which is at present used in many hospitals 
and by many physicians. It coidd also be very well em- 
ployed for other purposes. The glass jar is +J in. high 
and 2J in. in diameter. The zinc is held upon the rim 
of the jar by being bent over in three places by means of 
pincers. The negative element consists of a copper wire 
in the shai>e of a flat helix, which rises in a glass tube t.o 
the top of the jar. The connection between the cells is 
made by means of a spiral spring at the end of the wire 
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■whicli 18 soldered to the zinc, and to which is fastened the 
wire forming tlie connection of the adjoininfi; cell. 

This battery, shown by Fig. 3U, difiei-s bnt slightly 
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from the one we have described above ; bnt it is very 
Bimple in arrangement, aiid on acuoiint of its small di-^ 
mensioiis each cell costs only 13 cents. 

MEIDINGEB'S BATTERY. 

This is one of the most extensively employed batteries- 
in Germany. It lias been tried in many other countries 
bnt liae been finally abandoned for the following i-ei 
Its cost is greater than ordinary Danicil or Callaad bat 
teries ; its internal resistance is also greater, and it occQ' 
s a considerable apace. 
The Meidinger baftery (Fig. 31) consiats of a larg< 
:8;l8SS jar, A, at the bottom of which ia placed a cnp, d. In 
"Ms latter ia the negative element, formed of a thin lea 
"'pper, c, rolled in the shape of a cylinder, from whitj 
r wire rises in a gutta percha tnbe, g, to the top 
T and forms the positive connection of the cell. 
Oder of zinc, Z, is suspended above, as shown ii 
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the cut, and descends a little below tbe top of the cop- 
per. The two jars are filled with liquid. The glass tube 
h, pierced with holes at the bottom, is placed in the cen- 
tre of the cell, with the lower part in the cup ; this cen- 
tral tube is filled with sulphate of copper crystals. The 
sulphate of zinc, being lighter, remains above the disBolved 
sulphate of copper. At the beginning, in order to in- 
crease the conductivity, magaesic sulphate is put in the 

^ water, which solution has greater conductivity and is less 
dense than that of sulphate of copper. 

The advantages of this battery are as follows : 
1. It contains a large quantity of water which is re- 
quired to dissolve the sulphate of zinc formed. In order 
that the battery may work a long time without any atten- 
tion, this condition is veiy essential. We will see far- 
ther on that, when the solution of sulphate of zinc ap- 
proaches saturation, it becomes more dense than that of 
copper, and that consequently the relative positions of 
, the liqnids are apt to change. 
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2. The deposits of copper whicli form upon the aar- 
face or hang in stalactitcB from the lower part of the zinc 
fall outside of the centre cup and thus do not touch the 
solution of sulphate of copper ; this contribntea greatly 
to the cle^inliness and good condition of the battery. We 
have seen (in Bpeaking of Callaud's battery) that, when 
these stalactites touch the Eolution of sulphate of copper, 
local action increases rapidly and assumes a very injurious 
intensity. This latter inconvenience is avoided in Meidin- 
ger's battery, 

3. The cover which closes the cell and which is necea- 
saiy to support the glass tuhe (sidphate of copper reser- 
Toir) ahnoat completely prevents evaporation. 

4. A fiist inspection will ehow whether the sulphate of 
copper is used up or not ; the electro-motive force is kept 
up until the last crystal haii disappeared and the resist- 
ance rather diminisheB. 

Lately, Meidinger has replaced the copper with lead. 
This does not in any way alter the nature of the chemical 
action, for the electrode soon becomes covered with the 
deposit of copper. The copper wire which serves as the 
I connection is also replaced by a strip of lead, which in- 
I deed needs no protection, for lead is not attacked by tlie 
I liquids which enter into the composition of the battery, 
I The only advantage in the substitution of lead for eop- 
Lper is that it reduces the cost of the battery. 
Bpn^ehave already spoken of the disadvantage in ki _ 
HS^I^e solution in a state of saturation ; we find a contir- 
^Hblon of our opinion in the following fact : The ad- 
^^^nistration of Berlin recommends not to recharge the 
I ^^ntil the last crystal of the preceding charge has 

I "ed and not to put in too large a quantity of 

I pper. 
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A commiBsion chosen by this administration observed, 
also, that the economical coefficient ditniniehed when the 
cells were too frequently charged or with too great a quan- 
tity. 

According to our view, there should have been a com- 
plete suppression of crystals. We will soon see that the 
commission arrived at a contrary conclusion ; it preferred, 
it would seem, to sacrifice the economy of the material 
and to diminish the work of the operators. 

Dr. Dehms reports the resistance of Meidinger's ele- 
ment as varying from 4 to 9 of Siemen's units,* according 
to the models. 

MEIDINGER'S FLASK BATTERY. 

Instead of the interior tnbe reservoir, Meidinger has 
finally adopted a largo exteiior flask as reservoir for the 
crystals (Fig. 32). This form has been in use a long time 
in Bavaria and Gennany, where it was recommended for 
branch telegraph offices and for the following reasons : 

1. In all branch offices (in Northern Gennany) contin- 
uous eiin-ents are employed ; the consumption of the bat- 
tery is therefore eonsidemble, and if the lalior of fre- 
quently renewing the elements is to be spared, a battery 
should be adopted which contains a large quantity of ma- 
terial. This is found in the battery in question, as the 
ilaek holds two pounds of sulphate of copper, 

2. The disappearance of the charge of sulphate of cop- 
per is here more plainly seen than in the other model, 
and cannot escape the most rapid glance. 

3. In these branch offices the battery is rarely made to 

* A Slemen'a unit is eqii&l to the reaistance offered by one metre of 
mercury whose eectlonal are& is one millimetre. 



TWO-LIQUID BATTERIES. 

work BimiiltaneoTialy upon several lines ; therefore Its re- i 
sistaiice, wliieli is roiisidcmble (10 of Siemen's units to 
eacli cell u£ tlie approved form), presents but little; incon- 
venience. 

Under these two forms, SCeidinger'sbatteryie employed 




in the railway and state telegrapli Eervices of IlBB8ia,aI- 

moet to tlie exclneion of all otliei-s. 

Tlie batteriee are generally left one year witLout care, 

in Bome instances fourteen montlis. But in offices where 
I there is a very active service, tlie sulphate of copper is 
I renewed every four or six months. 

KRUGER'S BATTERY. 

"^lisisabatteiy said to liave advantages over other bat- 

'thout the porous jar. Tlie zinc ia placed as in 

but the copper has the fomi of a hollow cylin- 

laced vertically in the jar and has the same 
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height. The cylinder is made of a very thin piece of 
copper, cut longitudinaily at the bottom in six placee; 
the divisions thus formed ai-e bent outward and hold the 
cylinder in the centre of the jar. There are also three 
jiege fastened in the zinc, which serve to keep the copper 
cylinder in place. 

If sulphate of copper crysfale are added, they are placed 
ill the copper cylinder and the solution formed remains at 
the bottom of the jar. 

This disposition costs less than that of Meidinger, and 
pi-oducea a batteiy with much less resistance ; in this re- 
spect it "is preferable to Callaud's, hut costs more. 

We know, however, from good authoi-ity, that this 
battery presenta a grave inconvenience. The copper be- 
comes eaten at the line of separation of the two liquids, 
and at the end of a certain time it breaks. It will be re- 
membered that we mentioned, when speaking of Callaud's 
battery, the neceaeity of protecting with gutta-percha the 
copper wire which traversed tlie liquids and served as the 
connection. 

This inconvenience could be avoided by substituting 
lead for the copper, as Meidinger sometimes doeff. 

In the first edition of this work we expressed the opin- 
ion that the portion of copper which is not imuiereed in 
' tlie solution of sulphate of copper tends to iiiei-ease the 
iutemal eondnctivity of the element, although it takes 
no part in the regular chemical action whicli produces the 
current. Since then, Mr. G. d'Infreviile lias sent us the 
very interesting results of his experiments upon this sub- 
ject. He has found that this disposition causes a diminu- 
tion in the electro-motive force. This will not seem sur- 
prising to physicists, for they will readily understand that 
ill Kniger's or any analogous battery the cireuit beeomea 
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closed by the Btilpliate of zinc at the top ; a constant de- 
rived current is tlnis produced, and eouseqnentlj the dif- 
ference of potential is diminished between the electrodea. 



1 



SIR WILLIAM THOMSON'S BATTEEY. 

This illustrious physicist invented a very original difr 
position of the D^niell priLvity battery. The elements are 
piled up one upon another as in Volta's cohimn battery 
or as ill M;iri6 Davy's suipbate-of-lead batteiy. 

These elements (Fig. 33J consist of wooden trays, lined 




on the inside with lead to make them water-tight. A 

the bottom of each tray is placed a thin plate of coppei 

In the four corners of tiiie square tray aje little blocJcs a 

^ood wliich support the zinc electrode. This latter hi 

^e singular form of a gridiron, having its bars very cloa 

still leaving space enouf^h between for the circnlatid 

liquid. The feet of this gridiron arc turned ujt 

"porting the cell above. 

mstances Ihe zinc is wrapped in parchment V 
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paper, thus eonetnicting a porous jar which prevents the 
mingliDg of the liquids ; this inaj', however, well be dis- 
pell eeti with. 

Tiie connection between one cell and the following one 
is simply obtained by their weight, which presses the lead 
on the bottom of each tray npon the four corners of the 
zinc below. 

Care must be taken in charging the cells, to place tliein 
in a perfectly horizontal position ; this can he easily as- 
certained by pouring some water in the tray and observ- 
ing if it spreads equally over the bottom. 

The sole advantage of this form is the feeble resistance 
it gives to the cells. It is used as local battery in the 
submarine telegraphs, where Sir William Thomson's 
" Siphon Recorder" is at work. We are infonned that 
it is also employed in Russia, aad has indeed been applied 
for electric light purpose. 

The battery should be charged with a solntion of snl- 
pliate of zinc, whose density is 1.10 and the sulphate of 
copper crystals are placed as regularly as possible all 
around and at the bottom of the tray. 

Scarcely more than eight or ten cells can be piled up 
in one column, and a series of these columns are con- - 
nected by veiy large conductors. If the battery is used 
in delicate experiments or for the working of the 
"Siphon Recorder," it mnst be constantly watched, and 
a little of the sulphate of zinc solution taken out daily 
and replaced with pure water. If possible, the density 
of the liquid should be kept between 1.30 and l.tO; for 
that purpose it should be measured from time to time 
with an hydrometer. 

The circuit of the battery sliouki always be closed, in 
order to avoid the deposit of copper upon the zinc. It 
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18 advisable when the hatteiy is not in nee to keep it in 
ehort circuit, bo that the sulphate of copper may be 
i-apidly exliansted. 

It iB perhaps a good idea to meaenre, now and then, 
tho electro-motive force of each series and of each cell 
eeparatelj. When one cell is fonnd to have lost much, 
on account of the deposit of copper npon the zinc, it 
Bhould either be taken away entirely or placed in short 
circuit, to get rid of the useless resistance it introduces 
into the circuit. 

Sir William Thomson has, besides, given an inverse 
form to his battery, upon the liasis that a saturated solu- 
tion of sulphate of zinc has a density of 1.44, whereas a 
saturated solution of sulphate of copper has a maximum 
density of 1.18; the sulphate of zinc is below and the 
sulphate of copper is above, the contrary of that which 
prevails in all preceding batteries. We have not been 
able to obtain any notes that the eminent author may 
have published upon the eubject, and do not therefore 
know his motives for this reversed form. We only know 
that it is practically inconvenient, and presents the fol- 
lowing fault, viz., that reduced copper falls upon and 
finally covers the zinc. It is possible, however, that tliis 
reversed form possesses great advantages for special cases. 

The principle of this form deserves notice. It is Been 
that if, in ordinary gravity batteries, the snlphate-of-zinc 
sohition is permitted to approach or to arrive at satura- 
tion, the two liquids are no longer separated by their 
difEerenee in density in the de^iired maimer ; the result is 
that the battery works ba.dly and there is considerable 
waste. 
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ELECTRO-MOTIVE FORCE OF THE DANIELL 
GRAVITY BATTERY. 

At first it would seem that the electro-motivo force of 
the Daniell battery ought to be the same, with or witli- 
out tlie porous jar. The reenlts of all measurements 
show, however, the superiority of the gravity battery. 
One might believe that these differences arise from 
errors of observation ; but we have assured ourselves by 
a direct comparison made by the method of opposition 
that the electro-motive force of gravity cells is the same 
in models diffei-ing widely from each other, and that it is 
much greater than that of a cell with the porous jar. 

This is a peculiarity difficult to explain, unless a feeble 
polarization at the surface of the porous jar be admitted. 

It must undoubtedly be placed with that other fact of 
which we have spoken ; via., the electro-motive force of 
Daniell's porous-jar element is very inferior to its normal 
value when it is first mounted and when tlie imbibition 
of the porous jar is not yet complete. 



CHAPTER III. 
GENERAL REMARKS UPON DA^IELL BATTERIES. 



AMALGAMATION OF ZINC IN THE DANIELL 
BATTERY. 

We liave, from tlie beginning of tliis work, shown the 
ndvantages of amalgamated zinc over commercial zinc 
wlien immereed in dilute eulphiiric acid. 

Wlieii, therefore, a Daniell batterj' is chai^d with 
dihite Bulphnric acid, there is a great advantage in the 
use of amalgamated zinc ; l>ut to-day the acid is mostly 
suppressed and replaced by sulphate of zinc. It is gen- 
er.Uly believed that it is etill advisable in tliis ease to 
amalgamate the zinc, but we have informed ourselves aB 
to the subject, and find tliat the addition of mereuiy 
rather injurious than useful. 

We have taken several cells, one liaving amalgamated 
zinc, joined tliem in intensity, and allowed them all to 
undergo the same alternatives of rest and action, 
the end of fifteen days it was found that the local action 
had been much greater upon the amalgamated zinc than 
upon the othere ; that is, tbe deposit upon the surface of 
the zinc and at the bottom of the jar was more abundant 
in the amalgamated cell. 

To confirm this result we have made the following 
experiment, like that of De La Hive ; We put a piece 
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of well-amalgamatod zinc in a. solution of sulphate of 
copper ; tlie attack took place ininieiliately and rapidly ; 
in twenty minutes all the sulphate of copper was decom- 
posed. 

These experiments possess no other interest, bowever, 
than that of justifying the general practice adopted by 
those who use the DauicJl battery without free sulphuric 
acid ; that is, in the electric telegraph and analogous appli- 
cations. 

Experiments of Jules Regnauhl give the following 
figures for the electro-motive forces of the batteries in 
question : 

Pure zinc, aulpliate of zinc, sulphate of copper, copper ITS 

Amalgamaled zinc, sulphuric monohydrati;, 1 vol. 

Water, 10 ?ol. ; sulphate of copper, copper. 179 

It is therefore clear that the use of amalgamated zinc 
in acidulated water occasions a slight inci'ease of tlie elec- 
tro-motive force; this superiority, however, which is less 
than 2^ per cent, Has but little practical interest. 



COPPER-PLATING. 

The study of Daiiiell's battery has led to the ci-eation 
of a vastly important industry; namely, that of copper- 
plating. ItB object is the reproduction in copper of 
artistic or mechanical models, typogr.ipliic blocks, med- 
als, bae-reliefs, statnettes, etc. etc. 

Jacobi in Russia, and Spencer in England, having 
observed that the copper which is deposited upon the 
copper electrode was so fine as to reproduce the smallest 
irregularities of surface of that electrode, decided to 
make use of this process of mouldiug, and they have 
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^M Bliown its great ntility. Tbe extreme facility of the pro- 
^M cess renders it accessible to every one, and consequently 
^H its use ]mg spread with infinite variations. 
^H Wo shall not enter upon the details of this process, 
^B Imt only show the most simple method of copper-plating, 
^f wliieh consists in the tiee of a large Daniell cell %vith the 
porous jar. The porous jai- contains the amalgamated zinc 
immersed in well-acidiilated water. In the outside jar, 
which is comparatively much larger, is a saturated solution 
of sulphate of copper and electrodes formed of pieces of 
gutta-porcha moulded tipon the model (medal or -wood- 
engraving). To the surface of these gutta-percha moulds 
is imparted a conductive quality by means of an im- 
palpable powder of plumbago spread upon it with 
bnishes. An exterior conductor joins the zinc to the 
negative electrode. The deposit commences directly and 
is very slow at firet upon the plumbago, but as tiie copper 
accimiulates the process advances at a more rapid rate. 

All the fignres which ilhistrate this book were first en- 
graved on wood, then moulded in gutta-percha, and finally 
reproduced in copper, in the manner we have just de- 
scribed. It IB with these electrotypes that the impressions 
were made, and it is the process generally employed. 

It is seen that the battery which produces this indus- 
trial deposit is one of a single cell, and that the deposit 
1 takes place in this single cell. 

It is impossible to imagine any mora simple process ; 
but it is not as economical as it might at first appear, be- 
cause, to extract a given weight of copper from the sul- 
phate, and deposit it npon the mould, there must be con- 
l snmed an equivalent weight of zinc and sulphuric acid, 
^withoat counting the mercury lost in the manipulations. 
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lEREGULAKlTY OF THE CHEMICAL ACTION 
IN DANIELL'S BATTERIES. 

We said in the beginning that the chemical action in 
the Daniell battery was limited to the dissolving of the 
zinc, tho Biibstitution of zinc for the copper in the Biil- 
pliate, and the deposit of copper upon the conducting 
electrode. That is indeed the theoretical and principal ae* 
tion ; but it is not the only one. We have shown in the 
foregoing that tliere are local actions in the neighlxtrbood 
of the zinc and a deposit of copper upon the zinc. 

But that is not yet all. If the Daniell battery be closely 
examined {Callaud's battery is ■well suited to this exami- 
nation, because one can see everything that goes on in- 
side), a continual formation of gaseous bubbles at the sur- 
face of the zinc, and indeed upon the copper electrode, 
is seen. 

As to the freeing of hydrogen from the zinc, the fol- 
lowing is the simple explanation : 

This zinc is immersed in sulphate of zinc. The zinc 
not being pure, small voltaic cells form themselves at its 
surface, and consequently the water is decomposed and 
hydrogen given off. 

The explanation is analogous concerning the coppei 
electrode; the different parts of this electrode are im- 
mersed in unequally saturated ^wrtions of the sulphate of 
copper, or even in portions containing sulphate of zinc ; 
a voltaic ceil is thus constituted between the two liquids 
and thesingle electrode. We will return, at tho end of 
this work, to identical electrode batteries, wlien all doubts 
the reader maj here have will be dispelled. 

There is less freeing of hydrogen from the copper than 
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from the zinc, no doubt because the voltaic cells formed 
have a much smaller electro-motive force. 

Whatever the truth of these explanations may be, the 
fact of the freeing of hydrogen is not to be doubted. 
Large gaseous bubbles are seen attached to the surface of 
the zinc, and in perfect stillness they may be heard to 
free themselves now and then and rise to the surface, 
making a slight noise as they explode. 

These abnormal actions are not the only ones that take 
place in the Daniell, but they are the most important. 



CHAPTER IV. 
BATTERIES DERIVED FROM THE DANIELL. 

By replacing the copper in tbeTJaniell battery by some 
other metal and the sulphate of copper by the sulphate 
of that metal, batteries possessing qualities analogous to 
those of the Daniell may be made. 

Several of them have a practical interest, but we will 
at Hret mention two that can only serve in laboratories. 

The cadmium battery is formed of zinc, sulphate of 
zinc, sulphate of cadmium, and cadmium. Its electro- 
motive force is 0.31 ; that is, thirty-one hundredths of 
the unit, or, to use round numbers, one third of the 
Daniell battery. Such are, at least, the figures given by 
M. Jules Regnauld. 

The alnmininm battery is still more feeble : zinc, sul- 
phate of zine, aluminie sulphate, and aluminium. The 
electro-motive force is 0.2, or one fifth of that of the 
Daniell. 

The tables at the end of this work will show other coin- 
Itinations, which are of no interest here. 

To our knowledge, no one has ever tried the zinc, sul- 1 
pliate of zinc, sulphate of iron, and iron battery ; a. study 
of it would undoubtedly be very interesting. 

The batteries which we will now study have indeed the 
Daniell for model, but they possess a striking peculiarity; 
viz., the depolarizing salt is almost insoluble, which gives 
nflse to ceitain interesting results. 
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MARIE DAVY'S 



SULPHATE - OF - MERCUR'e' 
BATTERY. 



Of all batteriea having the Daniell for model, the mci^Ml 
interesting is that proposed hy Marie Davy, It has be-^en 
extensively employed, ftnd is still used in many cases. 

Let us substitute, in the Daniell, enlphafe of mercu-»7 
for eiJphate of copper, and carbon for copper, and we 
will have the new battciy. In tnith, if we had etricfci^ 
followed the model, we should have replaced the copj>«r 
by mercury ; but the liquid nature of this metal and its 
high price have caused the prefei-ence of a carbon elec- 
trode. Besides, the action of the battery producing tlie 
reduction of the sulphate and the deposit of metallic 
mercui-y upon the negative or conducting electrodej the 
difference disappears in time, and there is in reality an 
electrode of mercury in which is immersed a piece of 
carbon. It has been proved that the electi-o-motive force 
is not changed by the suppression of the carbon and the 
nse of mercury, provided the latter is pure. 

Fig. 34 represents the form that Marie Dary hag given 
to his cell. The zinc is a hollow cyHnder placed in the 
glass jar around the porous jar; this latter contains the 
carbon electrode surrounded with a hquid paste of sul- 
phate of mercury. The carbon is capped with copper, 
to which is soldered a strip of the same metal, connected 
with the zinc of the adjoining cell. The carbon may also 
be capped with lead, and the connection made in the 
same way. In either caae it is better to first dip the top 
of the carbon in a bath of paraffin, in order to fill up all 
the pores so that no liquid may rise by capillarity and at- 
tack the load oi- copjier. 
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Tlie chemical action in tliiB battery is precisely analo- 
gous to that in the Daniell. The sulphate of mercury is 
reduced, an equivalent quantity of sulphate of zinc ia 
formed, the zinc is dissolved, and metallic mercury is 
deposited in the porous jar, eitlier upon the surface of 
tlie carbon-electrode or in the mass of the eulpiiate of 
mercury. 

In the French Telegraph, Buboxide of mercury 
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(SO.HgjO) is generally used ; consequently two equiva- 
lents of mercury are set free for one of zinc dissolved. 

But there are other sulphates that may also be em- 
ployed. 

The sulphate of protoxide (HgO,SO,) is frequently 
used for medical purposes. This salt presents a singular 
peculiarity : coming in contact with water, it decomposes 
into two salts, the one basic and bnt very little soluble; 
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the other acid, very solnble, which has not ob yet, to oi 
knowledge, been analyzed. The first palt lias a yellow aj 
pearanee, whose formnia is 3(HgO) SO, ; it ia therefon 

a tribasic salt. 

Mai'ie Davy's batteries may he charged with mono 
basic sulphate of protoxide (H^OSOg), and even widi 
the tribasic sulphate alone [3 (HgO) SOg], and we are as- 
snred that these two batteries have sensibly the sainfl 
electro-motive force as that in wliieh snlphateof snbo? 
(HgjOSOa) is used. 

It is said that this last salt ought to be preferred to 
the others, because the tribasic salt, mentioned aboTe| 
breaks tlie porous jars by its little solubility ; bnt admit 
ting this, the two salts of protoxide can very well be nsedl 
in gravity batteries, of which we shall speak further 

Marie Davy's battery presents the following advan^ 
tages: 

1. It has an elccti-o-motive force very ranch saperiorto' 
that of Daniel! ; it is represented by 1.5. 

3. The slight solubility of the sulphate of mercury 
causes but a very slow diffusion in the outer liquid ; the" 
result is that the local actions and the waste are not 
important as in the Daniell battery. 

8. The mereui-y which is deposited upon the zinc by 
local action, and without any corresponding production of 
electricity, amalgamates the zinc, or keeps up its amalgam 
mation, which is very useful and prevents the waste oi 
the sulphuric acid if it is used in the outside jar. 

The faults of this battery are as follows : 

The sulphate of mercury is a violent poison ; the price 

t this salt is high and very variable, as the price of thtf' 

ury itself. Finally, it is apt to weaken under certain 

ances, as we will show in det:iil. 



BATTERIES DEBIVED FROM THE DANIELL. 14S 



"WEAKENING OF THE SULPHATE-OF- 
MERCTJKY BATTERY. 

"When Mari^ Davy's battery is employed for the tele- 
Krapli oi" any intermittent Bei'vice, no variation in tlie 
electro-motive force is noticed, and tlie battery may bo 
regarded as constant. Bnt if the circuit remain continu- 
ously closed, or if the intervals of its being open are too 
short, a diminution in the intensity is observed. This 
diminution is the result of several causes. We will com- 
mence by speaking of one of them, whieh we have not 
yet met in the course of this £tudy. 

Tha special characteristic of the Mari6 Davy battery, 
when compared with the Daaiell, is the insolubility of the 
mercurial salt. It must, however, be noted that the sul- 
phate of mereury is not altogether insoluble, bnt very 
little soluble, and it would be a great mistake to call the 
battery which we are now studying a single liquid bat^ 
tery. There are, in reality, two liquids, the solution of 
sulphate of zinc and that of sulphate of mercury. In 
i860 we made the following experiment : 

A solution of sulphate of mercury was prepared and 
well filtered, so that no traces of undissolved salt might 
remain ; then a battery charged with zinc, sulphate of 
zinc dissolved, sulphate of mereury dissolved, and carbon. 
This batteiy hud exactly the same electro-motive force as 
that of an ordinary Marie Davy battery containing 100 
gi-animes (or more) of paste of mercurial salt. 

The comparison was made by opposition with a very 
sensitive galvanometer ; there was, therefore, no room for 
any doubt. 

But if this filtered solution of sulphate of mereury 
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battery were called upon to furnish a cnrrent, it wotild be 
Been to weaken very rapidly, which ie easUj under- 
etood- 

The very small qnantity of iiiei-cnrial salt dissolved was 
soon exliauBted, and depolarization was no longer effected ; 
.from that moment it was simply a single-liqnid battery 
which polarized pi-oiuptly. 

That is, in reality, what may he expected in all batter- 
ies containing an only sh'ghtly soluble depolarizing salt, 
when they fnniish a large quantity of electricity. If the 
consnmption of the dissolved inercnrial salt is more rapid 
than the disBolving of the salt in the liquid, the solution 
of conree weakens, and finally does not act at all, so that 
the battery is no longer a two-liqnid battery but a single- 
liqnid one, and consequently becomes weakened by polar- 
ization. 

The above constitutes tlie first period of the action of 
tlie battery. We will now examine the second. As 60on 
as the battery is reduced to a single liquid it becomes sub- 
ject to polarization. Thie polarization is subject to the 
rales that we have indicated in tlie firet part of this work. 
It depends upon the intensity of the current, and assumes 
a much greater value when the cell in question is polar- 
ized by the current fnmialicd by other cells joined .wilh 
it in intensity. It depends upon the dimensions of the 
cell and of the elements. And it depends, finally, upon 
the length of time of the experiment and upon tlie resist- 
ance of the circuit. 

This is the same phenomenon that we have already 
studied several times. But a third period has been ob- 
served in this battery, and also in others. When a cell 
beccjnea extremely polarized it loses all its force, and then 
electrolysis of the sulphate of zinc takes place. This salt 
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is decomposed, zinc is deposited npoii the caj-bon, and, 
coming in contact with the mercury there, the two unite 
and form one amalgam of zinc, which is at first positive, 
but which Boon becomes negative, as compared with the 
zinc, when the quantity dissolved in the mercnry becomes 
considerable. Tims is formed a zinc amalgam-of-zinc 
cell whoae poles are contrary to those of the original cell. 
Jn other words, the poles are reversed iutliis third period. 
We have previously pointed out an analogous action as 
taking place in tlie salt-water batterj', and it is probable 
that the cause is the same. Now this reversing of the 
poles and the extreme polarizations do not take place in 
the general operations of the telegraph, because the cells 
are only used intennittingly and have time, during the 
intervals of repose, to depolarize. 

It is understood that the smaller the cells and the less 
mGreurial salt they contahi, the more rapid the weakening 
of the solution of sulphate of mercury. Therefore cells 
4£ inches high are recommended. Cells of these dimen- 
sions, however, cost a great deal, and in general cells 3j^ 
indies high are adopted, which are allthat is necessary for 
unimpoitant telegraph offices. 

Care should he taken that the level of the liquids re- 
main sensibly the same ia cells joined in intensity, be- 
cause if in one the level is notably lowered, it is as if this 
cell had become smaller ; the dissolved mereurial salt of 
this cell would become rapidly exhausted and the cell 
would polarize. 
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SULrHATE-OF- MERCURY GRAVITY B. 
TERY. 

A French physicist arranged anlphate-of-mercnrj 
after the model of Ca-llaud'e battery, and Bacceeded 
well by adding to tlie mass of mercurial salt fragme 
crushed gas-retort carbon (volume for volume). Tbj 




bon produces a kind of drainage and prevents th<| 
from becoming too compact, wliioh in ordinary bat4 

renders the dissolution slower than is proper, ' 
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We believe that the tribaeic salt of sulphate of protox- 
ide of mercury, which ia less costly than the other mer- 
curial sulphates, might well be employed in battei'ies of 
this kind. 

( TROUVfi'S KEVERSIELE BATTERT. 

Trouv^ arranged, with a view to medical purposes, a 
battery which presents ineonteBtable advantages for cer- 
tain nses. 

A cell of this battery ia shown in Fig. 35. The out- 
side jar is a cylinder of ebonite, closed at both extremi- 
ties by ebonite screw tops. At the upiier part is seen 
the zinc in the shape of a small cylinder fixed in the 
middle, to which is attaelied a wire that passes through 
the top and constitutes the negative connection of the 
cell. The carbon is cylindrical and Barroande the zinc 
The liquid, formed of water and of sulpliate of protoxide 
of mercury (SOgHgO), does not reacli the lower part of 
the zinc, when the cell is placed, as shown in the figure; 
but if it be turned upside down or put upon its side, the 
liquid comes in contact with the electrodes and the cur- 
rent begins to flow. 

The cell is hermetically closed, and there is no danger 
of any leakage. It is very convenient for many purposes, 
and forms part of some Voltarinduction apparatus made 
by Tronve, 

GAIFFE'S BATTERY. 

Qaiffe uses tlie sulphate of mei-cury battery for his 
Voltaic-induction apparatus. Two cells are joined, as 
Fig. 3§ shows. Each cell is contained in a small sepa- 
rate vessel of ebonite, at the bottom of which is a carbon 
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])!ate. Upon the carbon ie placed 6ome water and enl- I 
pliate of protoxide of mei-curj'. A small plate of amal- f 
jiiaiiiatei] zinc is immeraed in this liquid, and is fnmiMied I 
witli a little knob in the centre by wliiclt it may be lifled 1 
out. The zinc rests upon platinum wires fastened in theJ 



monlding of the ebonite, \rhieh establish the commnnicft 
tioii with the carbon of the adjoining cell. 

These batteries may wofk tor about an liour, when thft 
snlphate should be removed. This liquid is generally 
freshly made every time the induction apparatus is used^, 
and the old water and yellow sulphate are thrown away. 

LATIiTER CLARK'S STANDARD BATTERY; 

This eminent electrician proposed to " discover a form 
of the Voltaic battery having a perfectly constant ele& 
tro-inotive force and maintaining an invaiiable difference 
of potential lietween its poles." * 

He has found that the voltaic combination which bed 
fills these conditions is an element composed of zinc, sal 
phate of zinc, aulphate of mercury, and mercury. 

The zinc ought to be chemically pure ; distilled zinc k 
used. 

The formula for the sulphate of mercury is HgjOSO, 
it is a white salt that does not become yellow by the ad 
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dition of water. It is prepared by dissolving pure mer- 
eory in warm sulphuric acid, but not boiling ; it must be 
carefully washed, because the presence of any free acid 
■would notably change the results. The salt must con- 
tain no sulphate HgOSOj (sulphate of protoxide), recog- 
nized by its transformation into a yellow salt by the action 
of water. 

The sulphate of zinc should be pnre and used in a 
state of saturation ; it can be easily understood that its 
composition can thus be rendered more constant. 

The battery is prepared ^s follows : The sulphate of 
rinc is dissolved in distilled boiling water, left to cool, 
gently poured off, and the saturated liquor thus obtained 
is used to forui a thick paste with sulphate of mercury ; 
this paste is heated to 100° ecntig. in order to expel any 
air it maycontain. It is then poured upon the previously 
heated surface of the mercury, the zinc is suspended in 
the paste, and finailjthe jar is closed with melted paraffin. 

The positive connection is a platinum wire passing 
through a glass tube and de&eending to the mercury. A 
better plan is to place this positive connection in an out- 
side glass tube which opens into the jar near the bottom. 

" The electro-motive force of these elements is remark- 
ably constant, provided they remain open and be not 
weakened by work. Numerous experiments have been 
made between new ones and others which had been used 
several months, and it was found that tlie greatest dif- 
ferencee did not reach one tliouaandth part of the total 
value of the force." 

Experiments have been made to determine the varia- 
tions in the electro-motive foi-ce with the temperature. 
The average showed a diminution for an increase of tem- 
perature in the proportion o£ six hundredths per degree 
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centigrade. Tlie variations are more marked as the ther- 
mometer neara 0° centig., about eight hundredths per de- 
gree ; from 5° to 25° they are about .06 per cent, and 
about ,055 per ceut up to 100° centig. 

Mr. Ciark has determined the electro-motive force in 
absolute nieasurement, and has found it to be 1.4573 
volts, and 1,4562 volts witli a sine galvanometer, the tem- 
perature being 15,5° centig. 

SULPHATE - OF - LEAD BATTERY. 

This is the same kind of battery as the sulphate-of- 
mercnry battery. It ie a Daniell with an almost insolu- 
ble depolarizing salt ; it is formed of zinc, sulphate of 
zinc, sulphate of lead, aud lead. 

The cheapness of sulphate of lead has caused this bat- 
tery to be extensively used, but it has finally been aban- 
doned for certain reasons, which we will give farther on. 
M. Beequerel was the first to try this combination. 
His conducting electrode was either lead or a piece of 
carbon, a piece of copper or tin. 

In 1860 Maiie Davy proposed a new form which has 

been abandoned ; it deserves notice, however, as it was a 

good imitation of Volta'a column battery, and has been 

imitated iu turn by Sir William Thomson in his large 

, Daniell gravity battery. 

I Mai-ie Davy's elements consisted of paus of tinned iron 
' provided with three arms placed horizontally and at equal 
distances apart. U]Kiu the under side of each pan waa 
k soldered a disc of zinc covering the whole bottom. In 
K'Cach pan was a layer of sulphate of lead about i of an 
I inch thick and a portion of pure water or water eon- 
I raining a little sulphate of zinc. The pans are placed 
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one above the other, so that the zinc of one is immersed 
in the liquid of the other below it. It is uecessiiry to 
beep the succesaive cells at eqnal dbtances apart, wliicli is 
done by means of vertical wooden suppoi'ts to which tlie 
horizontal arms are fastened. A battery of forty cells of 
tliis kind forms a column ab3ut 40 inchea high. This 
form, howevei', has not been preserved ; it weakened 
rapidly, and we believe that its principal defect lay in the 
too small quantity of water it contained. 

M. Edmond Bceqncrel gave to the sulpliatesDf-lead 
battery the i-egular form of porous jar-cells. He ar- 
ranged a solid cylindrical mass of sulphate of lead around 
a central piece of lead from j- to -J of an inch in diame- 
ter. Consistency may be given to tliis mass by mixing it 
with chloride of sodium (iOO grammes of dried and 
crashed sulphate of lead and 20 grammes of sea-ealt), 
and by wetting it with a saturated solution of sea-ealt (50 
cubic centimetres). This cylindrical mass of sulphate of 
lead may be surrounded by a layer of plaster, which serves 
as a porona jar. 

Finally, ordinary porous jare may be used containing 
the lead and the sulphate. 

One of the faults in this battery is that its electro- 
motive force is about one half that of a Daniel], while its 
resistance is very great. The result is that, in order to 
obtain the same intensity, a number of cells more than 
double that of the Daniell battery is required. It would 
seem, from the foregoing, that this battery would be 
badly adapted to an electric-bell service, as the bells are 
placed in circuits of little resistance, and their electro- 
magnets themselves have but little resistance ; therefore 
the internal resistance of the battery is greater tlian that 
of the outside circuit, which is a very unfavorable con- 
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dition. It IB, liowevor, to tiiia use that the battery ia 
qaestion I1.1S been put, and it tntiiit be that it docs all that 
18 reqiiircdof it. 

It would seem that the economy resnlting from the use 
of a clieap salt would be more than balanced by the 
necessary nuitiber of cells, and by the cost of so mncli J 
zinc and so many glass and porous jare. This considers- 1 
tion nmst have finally attracted attention; for sulphate- " 
of-lead batteries have beeu gradually abandoned. 



WEAKENING OF THE SULPHATE OF LEAD 
BATTERY. 

Tliere happens in the battery in question precisely 
■wliat we have seen in Marie Davy's batteiy : the sulphate 
of lead does not act unlese dissolved. This dissolution is 
slow, and if the consumption of electricity is active, and 
consequently that of the dissolved sulphate of lead, the 
solution weakens and the battery ceases to be depolarized ; 
in other words, the battery becomes weakened. 

It is probable that if an energetic current wei-e made 
to act upon the battery thns polarized, the sulphate of 
zinc would be eleetrolyzed and zinc would be deposited 
npon the lead, as in Marie Davy's cell. This obsei-vation 
lias no practical interest, but only tends to show once 
moi-e the great similarity of the sulphate-of-lead batteiy 
to the mercurial-salt battery. 

If the sulphatc-of-lead battery were again to be used, 
we believe that there would be an advantnge in putting 
pieces of gas-retort carbon In the mass of sulphate of lead ; 
'hia would facilitate the dissolving of that salt which ia 

'■ condition of depolarization, and it would also give a 
V conductivity to the mass which fills the poi'ous jar. 
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VARIOUS SALT BATTERIES. 

By substituting for the sulphate of copper and zinc in. 
the Daniell the corresponding nitrates, or the acetates, 
or the eliloridee, simple mod iticat ions of the Diiniell are 
obtained. None of these Ijatteries Lave any practical in- 
terest, on account of the high price of the matei'iais. 

M. Jules Regnauld has carefully measured the eleotn>- 
motive forces of several of these batteries, and the com- 
parison of the figures is worthy of attention. 

Fare Zinc Copper. Electro-mottve tores 

Sulphate of zinc Sulphate of copper 0,955 

Nitrate " " Nitrate '■ " 0.873 

Acetate " " Acetate " " 0.955 

Chloride ■' " Chloride " •' 0.955 

The equality of these figures is very interesting. But 
from these particular instances no law of physics can be 
deduced : other measurements of M. Regnauld show that 
tliis equality does not exist in all analogous series of bat- 
teries. 




CHAPTER Y. 

ACID BATTERIES. 



In the beginniDg of Part II. of this work we indi- j 
cated how the electrode may be depolarized by means of I 
Bubetances rich in oxygen and easily decompoeed, notably 
highly oxygenated acids. The experiment which we 
then cited ie due to Grove, and has led to the prodnction 
of one of the beat batteries known, 

GROVE'S BATTERY. 

To remain faithful to our method of exposition, we 
should consider Grove's battery as one of the derivatives 
of Volta's. In the latter the zinc ia attacked by the di- 
lute suphiiric acid, and hydrogen is evolved upon the con- 
dncting electrode, copper, platinum, or carbon. If this 
platinum electrode be surrounded by nitric acid, the latter 
is decomposed, oxygen ia set free and forms water with 
the polarizing hydrogen, and nitric oxide ia given off. 
The battery thus modified is without polarization, or, in 
other words, is constant. It is known by the name of 
Grove's battery, and dates from the year 1839. 

That which is commonly called Grove's battery con- 
tains a conducting electrode of platinum ; it is uuder- 
atood, however, that Grove's conception is a general one 
and may be easily modified. Fig. 37 represents this 
battery under its most common form, 

A sr^uare porcelain jar is used as the outside recipient ; 
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it contains a well-amalgamated zinc electrode, having the 
shape of an U. Insido of the zinc thus shaped is placed 
a porous jar containing a very thin piece of platinoin, 
which serves as tiie conducting electrode ; water acidn- ' 
lated with sulphuric acid is put with the zinc in the out- 
side jar, and nitric acid fuming is poured in the porous 
jar. The platinujn is connected, as shown in the figure, ■ 
with the projecting portion of the zinc in the adjoimng 
cell. 

Such is the form of Grove's cell employed in England 




to the entire exclusion of Bunsen's form, so generally used 
in France. We will epeak of the latter farther on. 

In Germany, Poggendoi-fs arrangement of Grove's 
cell is used. The porous jar is cylindrical and contains 
the platinum in the shape of an S, in order to offer bb 
large a surface as possible. The platinum is fastened to 
a porcelain stopper which almost completely closes the 
porous jar. This arrangement is represented by Figs. 38 
and 38a. We will not dwell any longer upon it, because 
we believe that Grove's battery has received but a lunited 
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application in Germany, and tliat Ennsen's disposition ia 
generally preferred. 

Oiir main object is more to make known those batteries 
■which, in one country or another, are the meet esten- 




sively employed, and not bo mneh to treat of the many 
combinations which are only theoretically intereeting, 

CHEMICAL ACTIONS IN GROVE'S BATTERY. 

We have said that the zinc becomes oxidized at the ex- 
pense of the water and forms snlphate of zinc ; that tlie 
liydrogen of the water thns decomposed reduee8 nitric 
anhydride (N^O,) and produces nitric oxide (NO). 
This latter gas, coining in contact with the air, is trans-. 4 
formed into nitric tetroxide, recognizable by its color and \ 
by its snffocating properties. It is absolutely certain that 
tile Grove batteiitis produce nitric tetroxide ; therefore 
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the decomposition of nitric acid must surely produce ni- 
tric oxide, as we said above ; but that this is the only form 
of decomposition that takes place is not certain. On the 
contrary, it is probable that iiitric trioxide is pi-oduced. 
This appears to i)e the result of theoretical considerations, 
into the details of whieli we cannot enter.* 

Othei' actions take place in Grove's eel], one of which 
is the formation of ammonia. If, in fact, after the liquids 
are exhausted they be evaporated, it is observed that the 
addition of Hme in the eoneeutrated liquid produces, an 
abundant freeing of aramoniacal gas. Tliia proves that if 
a portion of'the hydrogen has combined with the oxygen 
of the nitric acid to form water, another portion has com- 
bined with the nitrogen to form ammonia. f 

Unfortunately batteries have not been completely ex- 
amined from a chemical point of view, and it is not 
known pi-eeisely what takes place within them. To com- 
pletely elucidate the question, the gases evolved in each 
cell should be separately collected ; then these gases and 
also the matter left in the liquids should be analyzed. 



PRACTICAL DETAILS. 



The platinum electrodes are generally 5 in, high by 
2 in. wide, and they must not be too thin, for the resist- 
ance would thus be iocrcaeed in a manner extremely det- 
rimental to the desired results. 

There is no serious disadvantage in permitting the 
poi-ous jar to touch the zinc, and on the otlier hand it is 
very important to diminish ae much as possible the dis- 

" See Dftnicll, " Introduction to Chemical Pliilosophy." 
t Bee OBvarret, ■' Trails d'Electricite," t. ii. p. 4«. 
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tiriuf hetween tlie clectrodee and consequently the resist- 
ance of the cells. 

The U form of the zinc ia not very econoiiiical, because 
it breaks at the bottom before it is worn at the top. It 
has been proposed to place some mercury in the bottom 
of the porcelain jar and to use two zinc plates, one on 
each side of the porous jar, which are thus united by tlie 
mercury at the bottom. Tliis disposition, which we have 
already indicated for other batteries, allows the more com- 
plete consumption of the zinc. 

BUNSEN'S BATTERY. 

In the beginning, Grove thought of substituting char- 
coal or even gas-retort carbon for the platinum, and sev- 
eral public experiments were made in London ; these, 
however, had been forgotten when, in 1S43, Bnnsen be- 
came possessed of tlie same idea and succeeded in intro- 
ducing the general use of hie arrangement. 

Without further insisting upon the Idstory of tliis in- 
vention, we will first describe Eunsen's battery as it is 
used in France, and then the form employed in Germany, 
wliicli is very like that originally proposed by Bunsen. 

FRENCH MODEL (Fig. 39.) 

Tlie outside jar is made of glazed earthenware, which 

S less fi'agile than glass, and this consideration is impor- 

int in the use of a battery which is often moved from 

JOne place to another at greater or less distances. For bat- 

Rteries which always remain in the same place there is no 

Inconvenience in the use of glass jars ; but as their cost 

' little less than that «f the glazed earthenware 
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jare, the latter are nearly always used, at least in Fi'aiice. 
Eiirtlienware subject to fracture ehoiild be avoided, for 
the acid enters into the ci'acks of the enamel, rendering 
the jar permeable and fragile. 

The zinc is formed of a plate of zinc 3^ of an inch 
thick, rolled in the shape of a cylinder and well amalga- 
mated, which latter precautioa aJlowB the ziuc to be left 




twentj-four honra in acidulated water without its being 
Bensibly diBsolvod, 

Some pei-sons solder to the zinc a strip of copper which 
constitutes the negative connection of the cell ; but the 
two must be riveted together by means of a copper rivet, 
otherwise the mercury will finally detach one from the 
other. These means of connection arc, however, not to 
be recommended. The zinc should be higher than the 
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earthenware jar and eliould be furnished \vitli a binding 
screw, to wliiclk Uie positive connection of the adjoining 
cell is attached. This arrangement has the following ad- 
vantages: 

1. Every time the battery is charged, that part of the 
binding screw which comes in contact with the zinc (and 
that part alone) ehonld be cleaned with emeri-paper. 
Tlu8 is very quickly done, and agsiires to the operator a 
good contact at those points through which the current 
jmeees. 

2. When, after having used the battery a certain num- 
ber of times, the zinc becomes worn at the bottom, it may 
be turned upside down. Thus the zinc is nsed up more 
completely and regnlarly before it becomes necessary to 
renew it. 

3. The zinc, thus reduced to a simple cylinder having 
no piece of any kind attached to it is easily packed and 
requires but a small bos f-or transportation. 

The porous jar is placed in the centre of the zinc cylin- 
der and has about the same height. It should be very 
porous and permit an easy conmiunication of the liquids 
it separates. 

The n^ative electrode has the shape of a prism with a 
rectangular base ; it should reach above the porous jar, 
in order to faclhtate the connection. We have explained 
the advantages of the binding screw, and we here repeat 
that every time the liattei^ is recharged the parts of tfa» 
binding screw which toncii the carbon should be cleaned 
with emery-paper, in order to secure a perfect contact. 

Before the invention of the hinting screws, TariooS 
more or less imperfect means were employed for the c(»-< 
nection with the carbon. A conical copper cork wift 
forced into a hole made ia tlie top of the carbon ; or cc^ 
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per was deposited iipoo the head of the carbon, to whicli 
a strip of copper was then soldered. Other means, some 
of which we have ah'eady pointed out, were also em- 
ployed. 

All of them presented ineonvenienees more or lees 
marked, and we do not hesitate to eay that they should 
all he discarded, and the binding screws exclusively 
adopted. These latter liave been used for many years by 
those persons who sueceBsfnllj produce electric light by 
means of batteries. We insist upon this recommendation, 
because a single imperfect contact suffices to cause a no- 
table loBS of energy in a battery of fifty or sixty cells. 

AMALGAMATION" OF THE ZIXC. 

We have said above that it is necessary to amalgamate 
the zinc. If tliis precaution be neglected when the zincs 
are used with concentrated acids, gases are evolved cliarged 
with acid vapors, which render the care of the battery 
troublesome and whicli are injurious to the health. 

We have also said that by amalgamation the zinc is 
made more electro-positive, and that consequenily t!ie 
eiecti-o-niotive force of the cells is increased (an inspection 
of the tables at the end of this work will make this very 
plain). 

It is therefore necessary that this operation be made 
with great care, and the simple and regular form of the 
zinc described above renders the proc<^a comparatively 
easy. 

In order to thoroughly amalgamate the zinc, it should 
first be well scraped and cleaned. The following is the 
process which we recommend : 

The zincs are placed on eiid in a bucket of water 
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containing one tenth of sulphuric acid. They stand oat 
of the liquid about half an inch, eo that they may be lifted 
out without iuinieraing one's lingers in the acid. Threi 
- zincB are placed at one time in the bucket, in order that 
each one may remain in the cleansing solution the lengtjt 
of time required for the amalgamation of the other two 
A rotation ig established in the following manner : Eveiy 
time that one zinc is taken out to be amalgamated it i 
replaced by a new .one, so that there may be always three 
in the cleansing solution. The other two have in the 
mean time been turned upside down, in order to immeree 
the parts which were exposed to the air. 

The vessel containing the mercury for amalgamation 

has the shape of a ^rtion of a cylinder; it is a littS 
longer than the zincs to he amalgamated. This is the 
most rational form, for it pennite the use of the smallest 
quantity of mercury. The zincs are carefully immersed 
in tliB mercury, the longitudinal opening downwards, ii 
order that the mercury may the more easily reach the u 
terior of the cylinder. The zincs are tlien turned slowly 
once oi- twice, to insure the amalgamation of the entire' 
surface. At the moment of taking the zinc out of tha 
mercury it shonld be held at an angle of ten or twelve 
degrees to allow the superfluous mercury to run ofE. 
is then lifted out in a horizontal position with the long^ 
tudinal opening upwards, so that no drops of mercu: 
may run off at the angles and thus be lost. 

The zincs are finally placed in an empty tub or trouj 
capable of containing several of them ; after aeert^tim 
a qnantity of mercury is found at the bottom, having r 
off from each zinc 

The vessel used for amalgamation is of enamelled ca 
iron, thus being most tsolid and unalterable. 
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The zincs oiiglit to be amalgamated but a few hours be- 
fore the battery is cliarged, and they ought to be re- 
amalgamated every time tlie battery is used, even if there 
be only twelve hours' interval. 

The cleaning requires a little longer time when the 
zine is new, and above all when it is covered with layers 
of adhering salts which remain from preceding operations. 

TO MOUNT THE BATTEEY. 

This operation requires a good deal of method for a 
battery of iifty or sixty eelle, each as ie used for electric- 
light purposes. 

The earthenwai-e jars should be placed at short distances 
from each other, so that they do not touch ; tliey should 
be placed in one row or in two, or, if room permits, in a 
circle. The object of these arrangements is to facilitate 
the filling and emptying of the cells. Place the cells, if 
possible, upon a table covered with squares of porcelain as 
are frequently found in laboratories, or, still better, upon 
rods of glass. In the absence of the above conveniences, 
the jars may be ranged upon planks of dry wood, but if 
possible avoid phicing them upon the ground in the open 
air. It can be easily understood that there is an advan- 
tage in suppressing all losses or irregular communications 
between the cells, such as are occasioned if the jare are 
damp, or if thev sre placed upon damp earth, or if they 
touch each other. A striking proof of the existence and 
importance of these losses is shown in the following phe- 
nomenon, which takes place every titne the above precau- 
tions for insulating are neglected : Whenever one touches 
any one of the poles of the battery, a shock is felt which 
is caused by the currents passing into the earth. 
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Tbe eaoae of these eottimmucarions is the formation 
(npon the mrfaoes of ihe pn and eapports) of Eteam anil 
acid Tapom, which are abandanilr freed from the cells 
m mndi hj tlieir high tetnperUnre as by the chemicd 
•cHoQ. 

Ah soon m the earthenware jars are amnged, the 
rincB, tbe poroos jars, and the carbons are ptit iii. the 
latter beii^ firet fomished with their respectire binding 
ecrewB. The eonDections are tlien made between the 
eells, Eo as to form a kind of chain, commencing with the 
eatbon (poeitire pole of the battery) and ending with tbe 
rinc (negative pole of the battery), 

Whether the cells be arranged in rows or in a circle, 
the ecrews and connections ehoald be placed so as to be 
in the operator's way a» little as po^ble when he is 
ponring in the liqnids. 

The battery may be thus moontcd, without any ineon- 
Tenience, several honrs Ijefore using it, since it contains. 
no liquids, 



TO CHARGE THE BATTERY. 

If the porous jars are new there is an advantage in 
charging the cells one or two honrs before using the 
battery, so that the liquids may have time to penetrate 
the porons jars. 

If, on the other hand, the porons jars have already 
served, they have retained liquid acids in their pores, and 
it suffices to charge the battery half an hour or even 
quarter of an hour before working it, especially if the 
battery is to work more than three or four hours. 

It is important that tlic cells be charged in the shortest 
tiino possible, in order that those iirst chai^d may not 
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be in notably different conditions from the last onea ; 
therefore preparations ehoiilii be made in advance, and 
the qnickeet means employed for pouring in the liqnids. 
Acidulated water should be prepared in a large tub, in 
order tliat all the jars may contain the same liquid. 
Thirty-three jai-s of pure water {the size of those used in 
die battery) and three jars of sulphurie acid, at 66° 
centigrade, are poai'ed into the tub. The water is put 
in first, and then the sulplmrie acid is slowly added, 
being stirred all the time, in order to render the mixture 
homogeneous as possible. This mixture becomes 
greatly heated, as is known, and if the temperature 
too high the pouring of the acid should be 
and the liquid in tiie tub agitated with a stick 
of wood or a rod of glaas, or even with one of the amal- 
gamated zincs of the battery. 

This mixture can very well be prepared several- houi-a 
in advance; there is no inconvenience occasioned, how- 
ever, in using it befoi'e it cools off — there is rather an 
advantage. The only important point is that it be per- 
fectly homogeneous, or, in other words, well mixed. 

The liquid is generally drawn fioui the tub in a 
pitcher and poured into a funacl held in the hand over 
the jurs ; this is, however, very fatiguing for the operator, 
and necessitates strict attention, in order that the liquid 
maybe at the same level in all the jai's. We recommend, 
therefore, the use of a rubber siphon, lilie that used in 
eliarging the Callaud battery. At one end of the rubber 
tube ifi a piece of glass or ebonite, flattened to facilitate 
its insertion in the jars between the zinc and porous jar. . 
At the other end thei-eisanebonite mouthpiece, furnished 
with lead, in order that it may descend to the bottom of 
the reservoir containing the liquids used to till the jars. 



166 TWO-LlyriD BATTEItlfS. 

In order tbat it may not run too slowly, the reBervoir 
should be placed a nieli'c higher than the jare to ba 
filled. The end of the tube ia held ia the hand, and it ia 
only necesBary to press it with the hngers iu order to stop 
the tiowing. This system dispenseB with a spigot, produeffl 
an instantaneous stop, and allows the regulation, within a 
fraction of an inch, of the level of the liquids in the cells. 

The liquid is started iu the siphon in the following 
manner: 

In the hand are held the two extremities of the tube, 
which hangs below. Water is ponred in until it appears 
at both extremities, then the mouthpiece is quickly placed 
in the reservoir of acidnlated water and a certain quantity' 
of liquid ia allowed to run off, in order to purge the tube 
of the pure water it contains. From that time on every- 
thing is i-cady for the filling of tiie jars. 

This operation terminated, the tulie should be wi 
rinsed with water containing a little ammonia, by which 
precaution it may be made to serve a long time. 

For the pouring of the nitric acid a funnel or bottle 
or any vessel having a spout may be used. 

The siphon may also he used, but we recommend' 
Wigner's manner of starting the nitiic acid in the eiphooj 
which is done as follows : 

The quantity of liquid being smaller, it may be put 
a flask whose stopper is fitted with two tubes, one goii 
to the bottom of the liquid and the other not quite 
reaching to the level of the liquid, I?y blowing in thi 
second tube the liquid is forced into the siphon, by meant 
of which one person may charge fifty or sixty cells 
twenty or twenty-five miiuitea. 

A very neat invention of Mr. Lufbery, for the 
tying of casks, flasks, etc.. etc. is shown in Fig, 39«. 
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The special stopper, represented apart to the right in the 
cut, is conical and hollow, and can be adjusted in the 
mouth of any bottle or flask. This stopper is fitted with 
an eniptyhig tube, A, and a tube, B ; by blowing in the 




Via. 99a. 

latter the liquid is started in the former. The 8])igot at 
the end of the tube A, represented to the left in the cut, 
ia kept closed by a nibber band. It is opened by pressing 
the upper part between the fingers. 
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ADulogous arrange meDts are employed in all labon- 
tones for the charging of batteries, and are cOQBiderei| 
iDdiepcusiiblc. 

TO DISMOUNT THE BATTERY. 

It is plain that as soon as the battery is no longer 
used, there is an advantage in stopping the waste of the. 
zincs and the acids, which is done by taking the batteij 
to pieces. 

It is necessary to have a well-determined method for 
this operation, which frequently has to be done late at 
night and with a very poor light. Everything innst b( 
done in advance. The zincs and the binding screws a 
placed ill a tub of clear water; if there is time the zino 
may be taken out of the water to drip, but tliere is no 
disadvantage in allowing them to pagg the night in the 
water. 

The ciLrbons must then be taken out and carefully 
ranged in special earthenware vessels. It is better not to^ 
put them in water at fli-st, but to allow them to imbibft: 
acids, which will improve them for the future. 

The contents of the porous Jars should then be emptied, 
by means of a funnel, into the vessel destined to contais 
the acid. This is the most difficult part of the 
Ijecause of the very abundant vapors given off, whicli' 
occasion a violent cough if proper precautious ai'c uol 
taken for keeping at a distance. 

It is almost imjiossible to preserve and again nse tin 
water acidulated witli sulphuric acid, and it may remaii 
all night or longer in the jars without causing any incoQi 
venience. 

The nitric acid may be again used if the battery li 
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not worked more than about three lionrs. By mixing it 
with some fresh acid, it may be used in the same battery 
and for the same length of time. Tlie best plim, liow- 
ever, ia to sell it to certain branches of trade where old as 
well as new acids may be employed. 

Finally, the acidulated water is thrown out and the jars 
completely emptied ; the zincs are dried, after having 
been left a certain length of time to drip ; the binding 
screws are dried by being put in a box of sawdust, and 
finally all the vessels used are emptied and cleaned. 

Unless one has been in the habit of performing this 
long operation, he is very likely to btim his fingers with 
the acids ; therefore the use of rubber gloves during the 
work is recommended. 

It is a good plan also to have within reach a little am- 
monia, into which the fingers may l>e immersed in case 
of any accidents, or whicli may be put upon any spot made 
on the clotlies by the acid. 

It is seen that the use of a large Bunsen or Grove bat- 
tery necessitates a long and tedious piece of woi'k, espe- 
cially if done in a new place ; the work is ranch less, of 
course, in a laboratory where one has everything at hand 
and where the operation has been performed more than 
once. 

If the battery is thns taken to pieces in a room, there 
must be some sort of an arrangement for rapidly caiTy- 
ing off the acid vapore ; otherwise it would be impossi- 
ble to finish the work or even to enter the room. 

Some employ a breathing apparatus like that of M, 
Gallibert, with which one may remain in a place filled 
with a dangerous gas without any inconvenience. 

In order that the zincs may be well preserved dnring 
the long intervals between experiments, tbey should be 
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carefully dried and placed on end one above another, and 
only coming in contact at several points. As for tLe 
porouB jars and tlie carbons, tliere is, as we liave said, no 
advantage in rinsing them ; it ie indeed better to allow 
them to imbibe the acids of the battery, which gives them 
a more immediate conductivity in making future experi- 
ments. 



COMPOSITION OF THE LIQUIDS. 

"We have said that, in general, dilute sulphuric acid is 
put with the zinc and nitric acid with the carbon ; but 
each experimentalist has liis own liquid, and some of these 
compositions deserve attention. 

We have stated in Part I., that a solution of sulphu- 
ric acid having a density of 1.25, and composed of 30 
parts of monohydrate acid for 70 parts of water, pos- 
sessed the greatest eonducti^-ity, and that it is never used 
because too dangerous. In general, liquids containing 
eight or twelve parts, by weight, of sulphuric acid for a 
hundred of the mixture are used, whose conductivity dif- 
fera but little from the maximum. In the practice, 
weights being more difficult to establish than volumes, 
the following mixtures are used : one volume of acid for 
six of water, or three volumes of acid at 66 hydnjmetrio 
degrees for thirty-three of water. 

The electro-motive force decreases (the resistance at 
the same tiuie increasing) when the proportion of wateris 
increased after the liquid lias attained the density 1.25, as 
is shown in Table VIII. by the experiments of Paggendort ■ 

Generally, nitric acid at 40 hydrometric degrees is em* | 
ployed in the porous jare ; the electro-motive force di- . 
ininishes notably with the density of the nitric acid. 
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Some persons, and especially Wigner, replace tlie nitric 
acid by a mixture of two parts by weight of nitric acid 
(specific gravity 1.360) and five of sulphuric acid (speci- 
iie gravity l,8i5). The proportion of nitric acid ia Ronie- 
tiines increafictl to three and a lialf parts, if the battery is 
to work inore than four or five hours. 

It is tnie that Wigner'a experiments were made with 
the Grove battery, which is only employed in England, 




bnt it appears certain that the eainc results might bo olv 
tained from carbon batteries. 

'There ia a very evident economy in the use of Wig- 
ncr's mixtnre, aa sulphnric aci<l costs iinicli less than nitric 
acid. 

In 1853 a French jhysiciet studied tbis question and 
discovered that there was a considerable economy in eiili- 
B^tuting for the nitric acid in the Bunsen battery a eon- 

intrated solution of snlpimric acid to which was added 
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one or two twentietlis of nitric acid. Sulphuric acid evi- 
dentty acts as an absorl>ent of water, and renders the d»- 
composittoii of nitric acid much more effectnal than when, 
the latter is in a large quantity of water. 

As Bulpliuric acid can absorb the water of its bulk ia 
nitric acid, which ie Bticceesivelj added in the jar, one 
may almost completely use up a given quantity of nitric 
acid, which, if used alone, would have to be thi-own away, 
long before it had l)econie exhausted. 

GERMAN MODEL. 

In the beginning Bunsen placed the carbon in the out- 
side jar and gave it the form of a hollow cylinder, in the 
centre of which was placed the porous jar. The porous 
jar contained the amalgamated zinc with acidulated water. 



1 



This form has been preserved in Germany and abandoned^ 
in France, 

Fige, 40, 41, and 42 repi-eeent the Bunsen cell prop- 
erly so called, with a hollow cylinder of rolled zinc. Tlie J 
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glass jar is narrowed at tlie top in order to elieck the 
evaporation of the nitric acid. 

Sometimes the hollow zinc cylinder is replaced by a 
rod of cast zinc. Siemens prefers a rod of oast zinc 
wliose section has the sliape of a cross. 

The rod of zinc inconveniently reduces the space occu- 
pied by the dilute sulphuric acid, and consequently the 
quantity of the acid. The other two dispositions eeeui 




preferable. Here arises the question, Which ia the better 
aiTangement, the German or the Freneh I 

The German mode! contains more niti-ic acid, which 
may increase and prolong the constancy of the battery. 
But we think the French model ought to be preferred, 
because in the German arrangement the carbon is much 
more expensive, tlie zinc is not as convenient to amalga- 
mate on account of the strip and ring of copper soldered 
to it, and the expense of the acid is greater. 
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FAURE'S MODEL. 



1 bodka mention a fonn of carbon battery irLidi 
deBerves notice. Tlie carbon proposed by Fanre liaa tlie 
sliape of a bottle cloeed with a carbon stopper. This M^ 

e at the same tiine as porons jar and as negative 
electrode. It contains tlie nitric acid, and the vapon 
wbieli free tlieniselvea force tlie liquid into tbepoi'eBof 
the carbon, producing depolarization. 

This form lias been but Betdom a»ed. It would, ho\^ 
ever, be wortliy of stndy, aa it presents economical ad- 
vantages and fiuppi-esses nitric-acid vapors, which render 
Buneen's cell so troublesome and indeed dangerous for 
the men who have the care of a large number. 

ELECTRO-MOTIVE FORCE AND RESISTANCE 
IN NITRIC -ACID BATTERIES. 

All physicists agree that the electro-motive force ot 
Bunsen's battery is a little less tlian that of Grove ; the. 
difference is very small. 

As to that of Grove's battery, it varies from 1.813 to 
1.513, according to tlie condition of the acids. 

The resistance of the Bunsen is very feeble, and i 
the Daniell be taken as a term of comparison, it is founct 
to vary from 4 to 10 olinis ; while in the Grovo battery 
it is less than J of an ohm, at least in tlie beginning. At 
the expiration of several honi-a the resistance will b* 
found to have greatly increased ; but if the liquids liave 
no longer the same composition, the battery cannot be 
considered aa a Grove. We have often said that tbo re- 
eistance of cells is so variable that no precise information 
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can be given. Only a general idea of the value of this 
resistance for each kind of cell may be given ; and if one 
desires to replace Bunseii cells by Daniell cells, it is easy 
to obtain the same electro-motive force by doubling the 
number of cells. It is much more difficult, however, to 
obtain as feeble a resistance. For this electrodes having 
large surfaces must be employed, and they must also be 
placed very near each other. This is the means used by 
Carre, as we have shown in Chapter II.; he replaced three 
of Bunsen's cells by five of Daniell's. The same is ob- 
tained with Sir William Thomson's battery. 

MAYNOOTirS BATTERY. 

Iron may be substituted for the carbon in Bunseti's 
battery without sensibly diminishing the electro-motive 
force. The battery may be arranged as follows : 

In a cast-iron pot containing nitro-sulphuric acid — that 
is, a mixture of three parts by weight of nitric acid and 
one of sulphnnc acid— is placed the porous Jar, which 
contains the amalgamated zine and water with one tenth 
sulphuric acid. The iron pot serves at the same time as 
negative or conducting electrode and outside jar of the 
battery. Tlie advantages of this arrangement are very 
evident. Those who employed this battery appear to 

»JiaTe been well satisfled with it, and we cannot imaging 
lirhy it is so little used. 
L' The part which iron takes in this arrangement has 
^veii rise to many interesting researches. It is said that 
the iron is rendered passive by its contact with the almost 
saturated solution of nitric acid. 
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DA^TELL'S EXPERIMENTS UPON THE SIZE 
AND PLACE OF THE ELECTRODES. 

We have explained, in Epeaking of Bingle-Hquid bat- 
teriee, the advaotuge of giving a much larger surface to 
the negative electrode than to the positive. Those rea- 
Boiifl do not apply to con3]»!etelj depolarized batteries, such 
as those of Daniell and Grove. It may be said tliat the 
surface of either electrode can be indifferently increased 
or reduced ; we mean that the reasons wliich ehoald lead 
to tlie arrangement of the battery are simply those per- 
taining to economy and practical convenience, and that 
the electro-motive force is the same in both instances. 

Daniell baa made some very conclusive experimente 
with regard to tliis subject. He constructed two Grove 
cells of identical dimensions. In one the soluble elec- 
trode was in the shape of a large zinc wire, and the pladr 
nura bad the form of a cylinder and eurronnded tiie 
cylindrical porous jar. In the other, the forms remain- 
ing the same, the platinum was placed in the centre and 
the zinc outside. The intensity when measured was 
found to be essentially the same. 

Daniell repeated this experiment in diminishing the di- 
ameter of the outside cylinder without changing its height, 
and found the same intensity as in the first instance. 
"Whence the very curious conclusion that the internal 
resistance of the cell does not alter when the diameter of 
the zinc cylinder alone is changed, all tlie parts of the cell 
lieing concentrically disposed, and the central electrode 
reduced to the size of a wire. The simple reason of this, 
■vhich may at first appear strange, is that if the distance 
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of the electrodes increases, the average section of the 
liquid iflcreaseH in exactly tlie saine proportion. 

A close examination will sliow that this rule ceases to 
be true when the central electrode is of a certain size; ■ 
in this ease there is always an advantage in diminishing 
the distance between the electrodes and in increasing the 
dimensions of the electrode in the porous jar. 
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In a series of very varied experiments a chloric-acid 
battery was tried. This acid, when dissolved, furnishes 
relatively active results, which increase in energy as the 
solution approaches saturation. 

Although this battery can never be employed in the 
practice, we mention it in order to show that cells can 
be made after the model of those of Grove or of Bun- 
L'sen. 



CHROMIC -ACID BATTERY. 



The battery in which the depolarizing agent is a mix- 
[Attire of bichromate of potass and sulphuric acid is some- 
times designated by the above name. If free ehromic- 
ium acid has ever been employed, it has only been in 
scientific experiments ; it is impossible to make use of 
it in practical applications. 

VARIOUS ACID BATTERIES. 

It has Decn proved that hydrochloric acid has no de- 
Milarizing property, since hydrogen has no efEeet upon 
diis acid. 
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Upon the other hand, it has been established that a 
mixture of nitric and hydrochloric acids has a very 
marked action, which is easily understood, as this mixture 
is a very energetic oxidant and very readily absorbs the 
hydrogen. 



CHAPTEH TI 
OXIDES IH BATTERIES. 



i 



Wb have seen that oxygenated acids cause the depolar- 
ization of the condncting electrode with which it is placed 
by being decomposed and oxidizing the hydrogen to form 
water. 

Analogous results may be obtained by using oxides, 
snch aa the peroxide of lead and the bioxide of man- 



Every oxide easily decomposed — thebioxido of hydro- 
gen, the bioxide of silver, the oxide of mercury — would 
give ranch energy to the battoriea in which they are used, 
but the instability of the bioxide of hydrogen, as well as 
the cost of the others, does not permit the use of these 
substances in the practice. 

PEROXIDE - OF- LEAD BATTERY. 

Abont thirty years ago De La Rive constructed a bat- 
tery in which depolarization was effected by means of 
peroxide of lead. He put the peroxide in a porous jar 
containing a plate of platinum, and thus obtained a bat- 
tery whose electro-motive force was superior to that of the 
Bunsen. We believe that a plate of lead or of carbon 
would have done just as well, and would certainly have 
cost less. 

Unfortunately, we do not know whether the depolari- 
gation was compietn or not, We AK^veve ^Xm^ Vj 
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employing ordinary miniam and by mixing it with 
pieceti of crashed car1>on, as we have eeveral times 
recominunded in the foregoing, a very economical and 
eatisfaetory battery might be obtauied. 

It innst be noted, liowever, tliat if at the same time 
eulphuric acid is used with the zinc, there will be a 
formation of Bulphate of lead, which, on account of its 
ineolubihty, might check further action. It will be 
remembered that the advantages of the Daniell battery 
consist in tlie great solubility of the salt fomaed (sulphate 
of zinc). Whatever may bo done, and from whatever 
stand-point batteries may be regarded, one is always led 
to the choice of Daniell's snlphate-of-eopper battery as a 
model. 

PEKOXIDE - OF- MANGANESE BATTERY. 

At the same period De La Rive made another battery, 
analogous to the preceding one, by snltstitnting peroxide 
of mangimese for peroxide of lead. He found, however, 
that this battery was inferior to the prt-eeding one. 

It is certain, in effect, tliat the manganese battery 
ought to have a much smaller electro-motive force than 
the peroxide-of-lead battery, and that the depolarization 
ought to be very imperfect. Whatever may have been 
the reasons, this battery was completely forgotten when 
Leclanchti commenced liis researches, which resulted in 
the production of one of the most extensively used and 
best batteries, for certain instances, ever invented. 

LECLANCHfi'S BATTERY. 

A cell of this batteiy is shown in Tig. 43. The J 
outside glass jar is equai'c, which allows the placing of ■ 
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large number in a comparatively small box, thus render- 
ing the battery Jess cumbersome. The glass jar is 
narrowed at the top, just leaving room for the cylindric^ 
porons jar to be put in or taken out, which almost closes 



the gl^s jar, tlius diminialiiiig auj possible evaporation 




of the liquid. The narrow part of the jar is furnished 
with an orifice, through which the zinc is passed, and 
which ia also convenient in pouring oat the liquid 
I ijontained in the jar. 

The soluble electrode is formed of a simple cylindrical 
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piece of zinc, about half an inch in diameter. A little 
hole ia made in t]te centre oi the top of the zinc, in which 
a galvanized ii'on wii-e is aoltlered. This connection is at 
the aauie time flexible and solid ; it may be wound in the 
Bhape of a helix, which gives it an elasticity freqnentlj 
very convenient. 

'Die porous jar has, as we have said, about the same 
diameter as the mouth of the glass jar, and contains almost 
equal parts of peroxide of manganese and crushed carbon. 
In the centre of this mass is a bai" of carbon, capped with 
lead, to which the positive binding screw is attached. 

The outside jar is about half filled with water and 
ammonia-hydroclilorate. After a short time the liquid 
penetrates the porons jar and enters into tlie mass it 
contains. 

The mixture of peroxide and carbon is covered with 
wax, to prevent its spilling dnring transportation. There 
is a hole in this covering to allow the air to escape when 
the water penetrates the porons jar, 

ADVANTAGES OF LECLANCHE'S BATTERY. 

B Tills battery presents many advantages, which we will 
Bbnnraerate : 

B 1- The zinc is not attacked by the aal ammoniac 
phere is no chemical action in the battery while the' 
Ki-ciiit is open, or, in other words, tliei-e is no waste of' 
^aterial as long as there is no outside current produced. 
WWe liave already spoken in detail upon this point in the 
Jdescription of sal-ammoniac batteries (single liqnid) ; and 
tojB would only say that, from a practical point of view, 
mbis peculiarity constitutes an incontestable superiority of 
Ktfae LecJanche battery ^^^ tWt ot 1>;.^\^\\. 
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2. Oo account of the depolarizing action of the 
peroxide of manganeee, the electro-Tnotive force at first 
starting of this cell is, as given by Leclanche himself, 1.38 
(Daniell's cell taken as unit). It lias indeed always been 
possible to replace, in the telegraph and analogous appli- 
cations, a certain number of Daniell's cells by a smaller 
numberof perox id e-of -manganese cells. Leclanche states 
that twenty-four of his cells can replace forty of Dan- 
iell's. 

3. This battery has but a comparatively feeble re- 
sistance, resulting from the conductivity of the peroxide 
of mMiganese and of the carbon, and also from the 
considerable mass of the conducting electrode. In the 
model, in which the porous jars are 5^ in. high, the 
resistance Is between 5^ and 6 nnits. 

With equal dimensions the Leclanche has less resistance 
than the Daniell, which constitutes still another superi- 
ority. 

It is evident that if the zinc, instead of being a rod 
half an inch in diameter, were rolled in the form of a cyl- 
inder surrounding the porous jar, as in tlie usual disposi- 
tion of batteries, the resistance of the cell would be still 
less. As there is no consumption of zinc while the circuit 
is open, there is no ineonvenienee in increasing its surface. 
Consequently there is a means of reducing the resistance 
of a Ijcclanche cell, if in any particular instance it might 
he of advantage. 

We will give, furtiher on, the reasons which determined 
Leclanche in the choice of the dimensions given to the 
eoluble electrode. 

i. The battery contains no poisonous stibstances, 
neither does it throw ofE any acid vapors nor any ap- 
preaaibJe odor. 
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o. The tirat cobI of t!ie materials ie comparatively 

t>. Tbe battery resists intense cold without freezing, 
and conBe<iueiit!y witlioiit ceasing to work, which is 
proved by the following experiment : 

A freezing mixture, at — 25° C. was placed aromid a 
Leclanelie cell, in which the thermometer finally de- 
scended to — 16° C, without causing any appreciable 
slackening in the movement of an electric bell ujK 
which the cell worked. The cell was shaken or le 
{lei'fectly still, and in neither instance was any weakeaiing 
(with this summary means of comparison) or tendency ti 
freeze observed. 

This battery presents, in this respect, still anothei 
notable advantage over the Daniell, which freezes i 
France dnring severe vrinters. The direct experiment 
shows tliat a saturated solution of sulphate of copper 
freezes at — 5° 0., and a concentrated solution of snlphal» 
of zinc at —r C. 

A recent publication of Leclanch6 states that the re- 
sistance of his cell varies from 2.33 units at -\- 10° 0. to 
4.22 unite at— 18° C, whereas that of the Daniell in creases- 
from 8.35 at +10° C. to 12.58 at 0° C, and to 14.00 at- 
—i° C. If the temperature continues to lower, at — 6° Ck 
the liquids become pasty, and towai-ds — 20° C. the n 
dstance i-eaclies 200 units. 

All this goes to show that the Leclaneh^ battery nevw 
freezes, and that it should be used in preference to all 
others in all northern countries. 

These advantages are of great practical importance, and 
explain the sncceas of tliis battery, which is to-day the 
most extensively iised for telegraphs, electric bells, a 
other analogous applications of electricity. 
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Any nnmber of these cells raay be prepared in ad- 
vance and stored awaj without putting the liquid io them, 
ready for use at any inoment. 

After having been charged, they may l)e left a long 
time without much evaporation of the liquid and without 
any consumption of the materials. Their form facilitate 
transportation, and is capable of being modified, as will 
be seen, in order to obtain a perfectly closed battery. No 
care is needed for months at a time ; it depends, of course, 
upon the activity of the work to be done. 

The cell furnishes a more intense current than a Dan- 
iell of the same size, and almost as intense as one of Mari6 
Davy's cells. 

One nmst be careful, however, not to nee this battery 
for purposes to which it is not fitted : for instance, when 
a continuous current or a great quantity of electricity is 
desired. 

CONSTRUCTION AND USE. 

1, We have had occasion to speak of the advantage of 
rolled zinc over cast zinc ; we add that drawn zinc is bet- 
ter than either, as it is more dense and the pores are less 
open. Little scales are sometimes seen to detiich them- 
selves from the rolled zine, which denotes some irregular 
action of the hquids upon the metal. There is nothing 
of the kind apjiarciit with tlia drawn zinc, undoubtedly 
because it is more homogeneous. 

We have fully explained why,in single-liquid batteries, 
there is an advantage in giving a greater snrface to the 
conducting electrode than to the soluble electrode. The 
same reasons hold good for imperfectly depolarized bat- 
teries, encli ae that of Leclanclie ; it is seen how the in- 
vcntur i-edueed' the zinc to a small rod. We will again 
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have occasion to speak of the dimenBions of the electrode, 
which is quite a delicate aod important question. 

2. Leclanche, iu recominunditig amalgamation of the 
zinn, says : 

" In this battery, where there is no acid, the zinc should 
be used accoi-diog to the theory, without amalgamation. 
But while the battery is at work the attack upon the zine 
roughens its surface, thus facilitating the adherence of 
Haline crystallizations when the temperature vanes; 
whereas amalgamated zinc always presenis a surface free 
from crystals, which fall to the bottom of the jar and do 
not diminish the conducting surface of zinc."' 

3. It is very important to employ sal ammoniac as pur© 
as possible. That purilied by sublimation is the' best, al- 
though a little costly. Very good, however, can be found 
which has not undergone this process of purification. 
Care BJtoiild be taken that the sal ammoniac be not dia- 
Bolved in vessels of lead, for it would then contain several 
parts of chloride or of sulphate of lead. This condition 
would cause the loss of the principal advantage of the 
battery ; for a local cell (zinc-lead) would soon form which.' 
would produce a constant and rapid waste of the zinc and, 
sal ammoniac. 

4. It is best to use an almost saturated solution : there, 
is, indeed, no inconvenience in putting a little more salt 
than is necessary iu the jar ; it will dissolve in proportion 
aa it is consumed by the action of the battery. 

By the action of the battery salts are formed, and 
notably oxychloride of zinc, which is more easily dis- 
solved in a saturated solution than in a weaker one ; there 
is therefore an adviintage in using a saturated solution^ 
and it should not be allowed to weaken. In effect, it can 
be understood that if oxyehloride-of-zine crystals attach 
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SiemEclvcs to the zinc, its active Eurfaee is reduced and 

Sie resistance of the battery increaeed ; the intensity of 
3 battery might thus be gi-eatly diminiBhed. If, how- 
ever, too large a quantity of sal ammoniac be added there 
will be the same result. Tliia ealt crystallizes upon the 
surface of the zinc, and the resistance of the battery be- 
comes consijlerable. There can be no doubt as to tlie 
truth of this way of explaining things ; for if the zincs be 
cleaned, the resiatance will be diminished and the inten- 
sity brought back to its normal value. This observation 
is of gi-eat practical imiwrtance, because employes of little 
instrnction are very apt to attribute to the battery alt the 
faults that arise in telegraph offices, witliout being able to 
distinguish the cause ; they believe the battery to be 
weakened, and think to restore its energy by adding more 
sal ammoniac ; they create, in reahty, the fault which they 
intend to correct. 

5. The quality of the bioxide of manganese is also 
very important : that which gives the best results is the 
needle manganese ; it is crystallized, silky, and presents a 
graphite appearance; if, in addition to these properties, it 
IS hard, it possesses very great conductivity. To tise it, 
all foreign materials must first be taken off ; then it is 
crushed, and finally sifted to get rid of the powder. An 
equal volume of crashed carbon is then added. The 
mixttu-e thus obtained is a very good conductor of elec- 
tricity. 

6. It is very important not to use powdered bioxide of 
manganese. The results of experiments by Leclanche 
show that polarization would be five times gi'cater in a 
cell containing tine powder than in a cell constructed af- 
ter the manner indicated above, with grains of a certain 
size. 
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The resistance of tlie fine powder reaches 150 or 200 
units; it is eousiilcralily greater than that of tlie liquid 
witii which it ia (lam])eiied ; conBeqnently the hydrogen* 
instead of distributing iteelf throughout the whole 
goes straight to the carbon plate and is not absorbed. Oft 
the othei' band, tlie resista.nce of the coai-gcr powder, i 
recoin mended abore, is from 13 to 15 units Inferior to 
that of the hquid of the battery, and consequently thfi 
hydrogen ia distributed and absorbed in the whoU 
mass. 

7. The porous jar should only be half filled with thi 
liquid. The inventor says that the dryer the matter c 
tained in the porous jar the better the conditions of con- 
ductivity and working. 

It will be seen as we advance that, by following tli« 
order of ideas, he has greatly improved his battery. 

8. There is an advantage in using very i»rous diftj 
phragras, in order that the action may begin as soon i 
the liquid has been poured in. 

The quality of the porous jars ta also very iinportaDt« 
It appears that those of Wedgwood, tliougli excellent foe 
other batteries, are not worth anything in the LeclanchS 
The English have bad a good deal of trouble with porow 
jars which chip oft or burst by the solidification of thi 
double salts of zinc and ammonium. Neither in Franoil 
nor in Germany has any inconvenience of this kind ari 

REVERSED FORM OF LECLANCIlE'S 
lUTTERV. 

In this form the zinc is placed In the central poroH 
jar and sun'ounded by the mixture of peroxide of i 
ganesc and carbon. Tins disposition necessitates a \argi 
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quantity of mang&neee as compared with the sal ammo- 
niac, and it ie that which led to ite being tried. There ie 
no doubt aa to the slow polarizatiou of the battery thus 
arranged. 

The volume of liquid, however, is much sraaller than 
in the oi'iginal form, which presents a grave incouve' 
nienee ; becanse the liquid has thus to be renewed very 
fi-equently, and the battery loses many of its advantages. 
In the ordinary battery there ie a quantity of manganese 
coiTesponding to the use of two zinc plates and to two 
charges of sal ammoniac. In the reversed form there is 
enough for the use of six or eight zinc plates and for 
twenty chai'ges of sal ammoniac: it is a marked dispro- 
portion. 

For these reasons the reversed form has obtained but 
little success, and should be only employed in especial in- 
stances. 

AGGLOMERATED -MIXTURE BATTERY. 

As tlic liquid has less condnctivity than tlie bioxide of 
manganese mixed with carbon, it is easily understood that 
the resistance of the element will be diminished if the 
carbon electrode is well surrounded by the mixture in 
question, rather than by the liquid, 

Leciaiiche observed tliat the conductivity increased as 
the matter contained in tlie poi'ons jar became more com- 
pact ; that ie, as the empty spaces filled by tlie liquid be- 
came less. 

In following up this idea he was led to increase the 
compactness to its maximum, by compressing the mixture 
with a hydraulic pi^ess. Poisons jars became inconve- 
uient ; he suppressed them and added to the mixtnre a 
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cement which held the maae together, thus constitnting 
an agglomerate in which the carbon was tightly held 
which served ae the conducting electrode. 

The mixture ie eoruposed of 40 parts of bioxide of 
mangauese, 55 of carbon, and 5 of giim lac, which serves 
to agglomerate the whole together (Fig. 44). 

Finally, the inventor added in tlie interior of the a 
glomerate 3 or 4 per cent, of bisulphate of potash, whicli 
facilitates the dissolution of the 
oxychloride which, in tlie long- 
run, entei-B into tiie pores of tho 
mixture. 

The porous jar being sup- 
pressed, some particular dispo^ 
tion must be adopted to prevent' 
the zinc from touching the ag- 
g-lomerate, for if there were coB-. 
tact between thetn there would 
be the formation of a local cell 
audlost work. Between tlie zinc and agglomerate a Binall 
strip of wood miglit be placed and the whole be held to- 
gether by two rubber bands. T!ie zinc may also l>e put in 
a small glazed or unglazed earthenware jai- whose walls 
are piei-ced with holes, wliich prevents the contact be- 
tween the electrodes and at the same time permits a fi-ee 
circnlation of the liquid in the outer jar. Two projecting, 
mbber bands may be placed around the zinc, which prfe; 
vent the contact between the zinc and the agglomerate. 

The agglomerate, once exhausted by long work of lltft 
battery, is not worth anything; tlie zinc which caps tlw 
carbon maj- be easily taken otf, as also the binding sereV( 
to which the negative connection of the adjoining cell ll 
attached. The mass of carbon and of sesquioxide of man- 
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ganeee may be thrown away and tlie zinc and brass sold 
for old metals. 

LECLANCHfi'S AGGLOMERATE BATTERY. 

The preceding battery has not realized the expectar- 
tions of the inventor. It happened that the internal re- 
Bi&tance of the element inei-eased considerably, and that 
consequently the battery gave very unsatisfactory results, 
especially in circuits of little resistance. 

With a view to remedying this inconvenience, Le- 
c1anch6 caused the agglomerate, of which we have spo- 
I ken, to be made in the shape of small bricks and com- 
in a hydraulic press. These little bricks are 
placed one on each side of the carbon electrode which 
rises above them ; they are lield in this position by mb- 
ber bands, which at the same time hold the rod of zinc 
and the intervening piece of wood. 

" In the old battery," says Leclanchi^, " the internal re- 
I «8tance depends upon the conductivity of the agglomer- 
ated mass and upon the adherence of the carbon in tliis 
mass." The new disposition does away with the inequali- 
I ties that this contact produced in the i-esistanee, and which 
e the result of the production of ammonia in the interior 
' of the agglomerate at the contact with the carbon pole. 
Consequently in the new battery the resistance only de- 
pends " upon the conductivity of the liquid excitant. 
This conductivity i-ather tends to increase than to dirhinisii; 
in effect, by the working of the battery, chloride of zinc, 
which is a very good conductor, is formed ; it is only tlie 
depolarizing power of the agglomerate pressed against the 
carbon which vanes." 

Sesides, by increasing the number of tliese little bricks 




19S 



TlVO-LIQl'ID BA1TKRIE3. 



placed against the carbon, the internal resietance < 
element may be diminislied at pleasure. LeclancL^ a 
times puts one, Boinetiines two as sliown in Fig. 45, and 
sometimes three. 

An incontestable advantage of the new batteiy is that 



ance of the T 
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the same elements may be employed indefinitely, and it] 

in only necessary to renew the zinc and the a^IomeratetlJ 
bricks when they arc worn. 
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CLARKE AND MUIRHEAD'S MODIFICATION 
OF LECLANCIIE'S BATTERY. 
The only difference between this batterj- and that of 
X.eelaiiehe is that in the forniur the earhon electi-ode 
and indeed the, pieces of carbon mixed with the bioxide 
of manganese are platinized This is certainly a very 
pood idea, as we mentioned wlien speaking of Sniee's and 
of Walker's batteries. The polarization is thus undoubt- 
edly diminished. 

According; to information given by the inventore, this 
new cell, after working one minute in a circuit of 100 
units of resistance, only loses 1 per cent of its electro- 
motive force by polarization, whereas Leclaneh6's cell 
loses 2^ per cent. 

After five minutes the platinized cell only loses 2 per 
cenf. while the Jjeclanche loses 5 per cent. 

After ten minutes the first one again loses 2 per cent, 
and the second 10 per cent ; if the experiment be con- 
tinued, the electro-motive force of the Leclanehe cell is 
seen to diminish steadily, while that of the platinized cell 
remains constant. 

This platinized cell has what we have termed the re- 
vereed form ; that is, the zinc is in the centre, and in a jar 
which is not porous, but whose walls are pierced with 
holes by which the communication between the two elo- 
meiits is established. 

The zinc has the form of quite a large cylinder, the 
object of which is to diminish tlie resistance. The de- 
polarizing mixture is placed around the sides in the out- 
eide jar, which disposition nlso diminishes the reetsl> 
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The outside jar, as well as that in the centre, ie clof 
with cement, so that all ev^aporation ie prevented. 

All theae digpoeitions liiid been ah'eady tried, and thq 
only new idea is the platinizing of the carbon. 

The inventors eay that they sometimes platinize tin 
fragments of peroxide of manganese. It wonld be inter 
esting to examine closely tlie advantages or incooveuiences 
of this process ; it might be inquired whether or not th( 
bioxide of manganese would lose its efficiency when c 
ered with platinum. 

ELECTRO-MOTIVE FORCE. POLARIZATION. 

LeclanehS represented his original cell, with the porous 
jar, as having an electromotive force equal to 1.38 (Dan- 
iell^l). These fignres are certainly inferior to the real 
value, at least before any polarization. 

We will admit the tigui-es 1.4S as given by Clark and 
Sabine, which ia a little less than that o£ Karie Davy*B 
cell. If the cireiiit in which Leclanche's battery works has 
a considerable resistance, polarization is very slow. 

CHEMICAL ACTIOJf. 

LeclancLS repi-esents the chemical action wMch takei 
place in his cell by the following eqnation : 
NH.HCl + 2MnO,+ Zn = ZnCl + NIT,+ HO + Mn,Q; 

The zinc combines with the chlonne of the ammoni^ 
liydrochlorate and f onus cliloride of zinc ; ammonia is st 
free ; the hydrogen given off under these actions, and whidfc 
would polarize the carbon without the pi-esence of th<^ 
bioxide of manganese, becomes oxidized, forming water, 
and the jwroxide is reduced to sesquioxide of miuigauese. 
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If it be agreed to give the name of chloride of ammo- 
itium to that salt whicli we have called amuioiiia iij'drt>- 
clilorate, there would in reality be nothing ciianged, but 
its fonnula would be !NH,C1. It could be said that tlic 
zinc is substituted for the ammonium, that the ammonium 
is decomposed into ammonia and into hydrogen, etc, etc. ; 
but this manner of expression should be preferred here, 
for Leclanche has established that the ammonium acta 
more favorably in the presence of the bioxide of man- 
ganese than the hydrogen alone would; it is indeed for 
this reason that sal ammoniac ought to be preferred to 
other alkaline chlorides, such as chloride of potassium, 
chloride of sodium. 

We ought to say, however, that this theoretical reac- 
tion in Leclanche's battery is not the only one that takes 
place. First, it is plain that "when the battery polarizes, 
it is undoubtedly because the liydrogen is deposited upon 
the carbon and does not oxidize at the expense of the bi- 
oxide of manganese. Then is made manifest tlie forma- 
tion of double salts, oxyehloride of zinc, and double chlo- 
ride of zinc and ammonium. These salts are but slightly 
Foluble and obstruct the action. A saturated solution of 
sal ammoniac is needed to dissolve them, which explains 
one of the practical recommendations made above. 

We are thus again led to remark upon the complicated 
nature of the chemical actions in batteries, and to say with 
Mr. Gladstone "that, since the elucidation of the tele- 
graph, batteries have been studied more from a mechanical 
and electric point of view than from a chemical stand- 
point, . . . and that there is much left to bo done 
in regard to this matter." 

It is seen from tlie theoretical equation of the battery 
that ammonia is set free, and that is what the experiment 
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ihom ; bat in tbe ordinarr practice of tbe telegraph tKe 
work IB BO intermitteDt. and tlje corresponding cbemicsl 
actions so sli>w. that no odor of ammonia is noticed at all. 

It ehonld here be repeated that Leclancfa^ did not chooes 
8al ammoniac bj chance. He tried Eea-ealt (chloride c^ 
eodicm) and chloride of pota^inni, and he has fihown th^ 
they are all very inferior to the sal ammoniac. 

Any one can make the experiment with sea-^alt and 
6l»ow, a» we liave done, that tlie electro-motive force of 
the battery thus modified is very mnch less than that of 
the Leclanche battery properly eo-called, and that it poh 
izea rapidly. Coneequently. if in any emer^ney the 
battery lias to be charged with sea-ealt instead of eal UTOr 
moniac, and a enfticient current is obtainef^I, it must not 
be believed that a new invention hae been made, nor even 
a good one. 

"WEAKENIN'G OF THE LECLANCKfi 
BATTERY. 

The bioxide of manganese does not produce complete 
depolarization ; and if the resistance of the outside cir- 
cuit is very small, the electro-motive force diminishes rap- 
idly. It is only necessary to close one of Leclaneh^'s 
cells upon itself for a few seconds to polarize it in an ap- 
preciable manner. But if the current be interrupted 
after a short time, the battery will soon recover its initial 
force. This is the phenomenon of polarization in all it» 
simplicity. If the battery only works intermittingly, as 
in the telegraph in general, there is very little polariza- 
tion, in which case the battery is perfectly irreproachably 
and deserves to be preferred to those of Daniell and of 
Hari^ Davy. J 
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If, on the other hand, the Leclanch^ battery be made to 
work iminteiTnptedly, its electro-motive force is seen to 
deci-eaae in a manner very interesting to watch. 

Gaugain has studied this weakening under conditionfl 
well determined by meafiui-ements of the intensity of the 
carrent. 

The following are the results : 

Electro-motive Force. 

tAt the start, May 2ath 288 
June l8t 313 
Aug. Bth 199 
Sept. ad 180 
Sd 152 
This weakening would have been more rapid had the 
I'esistance of the circnit been less, and less rapid witli a 
greater resistance. 
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PRACTICAL DUKAEILITT OF THE LE- 
CLANCHfi BATTEET. 

We have said several times that this battery possesses 
the great advantage of dispensing with all care during 
long periods, on condition, however, that it only be em- 
ployed for those purposes for which it is suited. 

We ought again to speak of this very important aub- 
ject. 

The principal French railway companies have furnished 
lis with the following official and incontestable, though 
veiy astonishing, information : 

A battery at V furnishes a continuous current, causing 
a electric bell to ring about twenty-three hours every day ; 
fit has needed no care during eleven months. 

When the batteries at E, at Y, and at M were exam- 
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ined in lS76.i!ii>C8 were BtOl f oond wfaieh had been 

tliere in 1867. 

Finally, a battery at O worked from July 26th. 186' 
to AoguBt 12tli, 1876; bein^ n-charged at that date, the 
zincs were renewed before there was any absolute neces- 
eity. Dnring those nine yeare of service the sal ammo- 
niac was only renewed once, and this is the only expense 
occaeionetl by that which may be considered as the aver- 
age work of a railway station. This is the most striking 
example that has been giren to ns, and it leads one to 
believe that it would be di^cult to imagine a better bat- 
tery for braneli offices than that of Leclanehe. 

It is understood, of eonrse, tliat these extraordinary pe- 
riods of duration ai-e obtained by intelligent attention, or 
rather by the absence of any carelessness or mismider- 
standing. The battery at O was u ever touched except by 
tlie superintendent of the telegraph, who followed the 
ex])eriment with great interest. 

Tlie best telegraph senice is to be fonnd in those of- 
fices where the least quantity of sal ammoniac is consumed. 
An intelligent inspector would always be able to distin- 
guish the causes of the numerous hesitations in the tele- 
graph, and act accordingly ; whereas another would at- 
tribute every failing to the weakening of the battery, and 
would inconsiderately hasten to remedy it by adding too 
great a quantity of salt. 

We ought hei-e to point ont the mistaken idea of the 
necessity of moving the battery to increase its force ; some 
tliiiik it well to shake it in order to awaken it, as they 
would do a person asleep. This is a great mistake in the 
nianagcnient of the Leclanehe battery, which, it is recom- 
Uiended, should be kept perfectly quiet, 

Wv hiivu aJi'caily had occas^ou to mi's 'Cws.v 'Cwt\(ea\, i^'w 
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for a telegraph battery, or for one doing analogous work, 
is a cellar in which the temperature varies but slightly ; 
we can only repeat this piece of advice at present. The 
heat in offices is rather injurious, as it occasions an active 
evaporation. 




CHAPTEB "VII. 

CHLORIDE BATTERIES. 

The depolarization of the conducting electrode is 
generally effected by oxygen, but it can also be done liy 
clilorine, as will be seen in tiie batteries whiciiwewill- 
now describe. 

CIILORIDE-OF-PLATINUM BATTERY. 

We only mention this battery, not admitted in pi'ac- 
tice, because Daniel! points it out as a model of a perfect 
Imttery. After Laving described bis snlphate-of-copper 
b:ittery, lie adds : 

" The surface of the conducting electrode is tliiia per- 
l»etually renewed by the deposit of pure copper, and the 
contrary action of tbe zinc and of every other metal pre- 
cipitated is Bueeessfully prevented. The affinity of the 
copper for tho acid, though tese, exists, however, and this 
opposition could not be prevented except by the use of 
platinum electrodes, whose eurface would be continualJf 
i-enewed by the decomposition of chloride of platinum ; 
this apparatus would be purfect, but very costly, . . ," 

It is probable that Daniell intended the cell to be com- 
posed as follows : zinc, dilute sulphuric acid ; chloride of 
platinum, platinum. 

Under these conditions, the depolarization would be 
effected as in the Daniell cell, only that the hydrogen 
would ije burnt by the chlorine instead of by the oxygen. 
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The principal action of the battery would still be that of 
the sulphuric acid upon.tbe zinc, and the dtieomposition 
of the ciiloride of platinum would be lees of an obetaele 
to the principal action than tliat of the Bulphate of copper 
in the Daniell, The electro-motive force of the chloride- 
of-platinum battery ought to be much greater than that 
of the sulphate-of -copper battery, 

CHLORIDE -OF -SILVER BATTERY. 

Harie Davy appear^ to have been among tlie first to 
employ chloride of silver. In 1860 he wrote the fol- 
lowing : 

" I have constructed a battery formed of zinc, pare 
water, aud chloride of silver nnelted in a silver crucible, 
and it has worked with perfect regularity. Its internal 
resistance, at first very great, hiis ji^-adually diminished in 
proportion as the chloride of zinc formed has been dis- 
solved in the water. By previously dissolving this salt, 
the battery immediately furnishes a strong current. The 
chloride of silver is completely reduced throughout all its 
parts, always preserving its shape. The insolubility of 
the Inducible salt becomes an advantage, as it dispenses 
with the use of porous jars. . . ." 

During the same year we studied this battery, using 
a jxirous jar and undissolved chloride of silver ; our elec- 
trodes were of copper and amalgamated zine. We found 
the electro-motive force to be apparently equal to that of 
the Daniell. 

These experiments possess in themselves but little 
interest. It is only since AVarren De La Eue has given 
his attention to this battery that it has attained any import 
tance, and that its use lias become general. 
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In the beginning of his rcBearchea, this pbysiciBt used 
chloride oi eilver in tha 6ba.pe of a powder or paste, and. 
his liquid was a thin Bolution of eea-ealt. A little incon- 
venience in this battery hoe been pointed out to ns. It 
appears that it evolves gaa, and that, consequently, if the 
gla.g8 jar be hennetically closed the pressure of the gas 
caiiees it to burst. 

It is cleai- that this gas is only an inconvenience when 
the jars are tightly closed, and that its gravity ebonld not 
Ih exaggerated. 

At all events, we believe that-^e form which Dff 
La Rue lias given to the battery does not present fbk 
little disadvantage, and that it contains several very inter- 
esting dispositions. Figure 46 represents a battery of ten 
cells, each of which is composed in tlie following manner; 

The outside cylindrical jar is abont 5 in. high and 
14 in. in diameter. The eolnble electi-ode is formed of K 
rod of niiamalganiated zinc, b«t of very good quality. In: 
the upper part of this zinc rod is bored a hole, in whidi 
a strip of silver {positive connection of the adjoining cell); 
is held by means of a sniall brass wedge, whicli assures 
a perfect contact between the zinc and the silver. 

The other electrode is formed of a strip of silver 
around which is melted a cylinder of chloride of silver, 
AgCl, represented separately in the figure. 

To avoid an accidental contact of the two electrodes, 
the rod of chloride of silver is placed in a small cylinder 
of parchment paper, A ; there are two holes near the top 
of this paper cylinder, through which the strip of sUver 
passes, as shown in B. 

The liquid is a diluted sohition of sal ammoniac ; the 
best proportion is that of 23 grammes of chloride <rf 
ammonium to 1 litre of distilled water. 
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Tiie onteide jar is closed witlj a paraffin stopper tbroagh 
wliicli the zinc; pasees ; the strip of silver paseeB between 
tlie stopper and the glass jar. The figure also shows that 
tJiere ie a hole made in the paratHn stopper, thi-ouglx 
which the liquid is poured in by means of a small fnn' 
uel, and then the hole is closed with a small j>araffin cork. 

The choice of this material presents important advan- 
tages. First, pai-affin is one of the best insulating snb-< 
stances, which is of great importance when several thou- 
sand cells are joined in intensity, as De La Rue does. 
Then it is absolutely antihygrometric, so that if a little 
water he dropped upon its surface it collects in many 
little globules and does not spread over the surface, which 
might destroy the insulation. The air does not deposit it- 
self upon it as upon glass, for instance, whose siii-face 
thus covered with steam becomes a conductor. Finally, 
paraffin melts when slightly heated. The jar may be her- 
metically closed by means of a small iron wire, flattened 
at the end and slightly heated, which is passed aroundi 
the zinc where it comes through the coi-k, and also around 
the paraffin stopper which closes the orifice for the intitH 
duction of the liquid. 

The action in this battery is very simple ; the anc 
dissolved and takes the place of the silver in the chloride j 
the silver is deposited in a porous mass first upon th< 
surface and then in the mass of the chloride. 

The capital advantage of this battery, as in all where 
zinc with sal ammoniac is used, consists in the absence of 
any local or internal action as long as the electric circuit 
18 open ; in other words, this battery does not work upon 
itself. This cireiirastance is very important, for these 
cells are only used in experiments of shoi-t duration and 
long intervals; it is netessary to hnd the battery, eight 
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days later, in exactly the same state in wMcli it was left 
eight days previous. 

In the fii'St moments of the action the cnirent is very 
feeble ; this is caused by the great resistance, for the con- 
ductivity of the chloride of silver is very little and the 
exposed surface of the silver electrode is very small. 
But at the end of a certain time the surface of the chlo- 
ride is covered with silver, ite conductivity is increased, 
and the intensity attains its nonnal value, which varies 
but little afterwards, as is shown by the following table 
of exiwriments made by De La Kue with a voltameter : 

GasperMinuta, 

At the start, June 29th, 1875 1 cent. cube. 

July4lh, ■' 1.4 " 

Oct.27th, ■' 1-4 '■ 

March ISlh, 1878 1.45 " 

AprilSth, '■ 1.41 " 

The electro-motive force of these cells differs very little 
from that of the Daniell. De La Kue found it to be 0.97 
with sea salt, and 1,03 with sal ammoniac. 

The resistance is about 4.3 ohms, as nearly as could be 
ascertained. 

For the above-mentioned experiments De La Eue col- 
lects 200 cells npon a single board ; they pass through a 
slab of ebonite, which is a better insulator than wood. 

Six of these batteries of 200 cells each are placed one 
above the other in a carefully constructed closet which 
protects them from dust or fi-om accidents. 

This is not the place to enlat^ upon De La Rue's ex- 
periment. We would only say that he has again proved 
that electricity generated by batteries differs in no way 
from that generated by electric machines, and that if a 
sufficient number of cells be joined to form a battery, a 
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(xmtinuouB epark is observed when the extremities of the 
two connections are hrouglit in close proximity to each 
other. De La Rue has collected as many as 8000 cells in 
one battery, many more than any one had previoQBly col- 
lected, and he proposes soon to make a Lattery of 12,000 
cells. 

There can be no polarization in the experiments made 
by this physicist, as they last but a short time and are 
made at such long intervals, as is the case in nearly all 
purely scientific esperinjents. But Du Moncel has made 
Bonie direct experiments which prove that after the cir- 
cuit has been closed twenty hours the batteiy shows no 
polarization ; and if, in fact, the action takes place as we 
have said — that is, the simple substitution of zine for sil- 
ver in the cbloride — there is no hydrogen set free, and 
consequently no polarization. As the deposit of silver 
upon the conducting electrode does not change the nsr 
ture of the latter, the conditions are the same as in the 
Daniell battery, which ia the model of completely depo- 
larized batteries. 

GAIFFE'S BATTERY. 

The chloride-of -silver battery is very extensively used 
I by Gaiffe for induction-coils or to fnmJBli coutinnous cnr- 
■Knts used for medicinal purposes. 

His cells are very small and hermetically closed in 
Eebonite boxes having screw tops. 

In those batteries which a.re destined to be transported 
requently from one place to another there is no free 
iquid ; the two electrodes are separated by six or eight 
Meets of blotting-paper saturated with a solu tion contain- \ 
p»g 5 per cent of chloride of zine. 
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GaiSe has employed powdered chloride of silver, but 
he now seems to prefer the melted chloride. 

The residue of the battery is silver, and if it be kept 
and given back to the manufacturer its use is very 
economical. 

Figure 47 represents another cell which stands on end, 
and in which liquid is placed as in oi-dinary batteries. 

The electrodes ai-e, as is seen, attached to metallic pieces 





which pass through the top, and to which are fastened 
the connections of the adjoining cells. 
[ There is no waste in these batteries when the cireuit is 
I open, which is of groat advantage. It is important to 
note that, in order not to lose this advantage, the top must 
be kept perfectly dry, for the least humidity that might 
join the electrodes would establish a circuit and pi-oduce 
a constant working in the cell. 
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CHLORIDE . OF - LEAD BATTERY. 

Mari^ Davy tried the tue of chloride of lead, but the 
electro-motive force thus obtained was less than the unit 
(DafiielPs cell). There is therefore no advantage in its 
use, for chloride of lead is comparatively dear. 



PERCIILORIDE-OF.IRON BATTERY. 

In 1860 Duchemin proposed the use of perchloride of 
iron as depolarizing agent. This substance is pointed out 
as containing a quantity of chlorine, as are the peroxides 
of lead and of manganese, which contain large quantities 
of oxygen. 

The battery in question has an electrode of zinc im- 
mersed in a solution of sea-salt, and an electrode of car- 
bon in a solution of perchloride of iron. 

The hydrogen given off by the action of the zinc upon 
the water goes straight to the carbon and decomposes the 
iron salt, which is transformed into protochloride. 

The hydrochloric acid, formed by the combining of 
the polarizing hydrogen and the chlorine set free from 
the |>ercliloride, contributes to the dissolving of the zinc 
and to the intensity of the battery. 

Tliis cell is not constant; first because depolarization is 
not complete, and again because there are deposits, pos- 
sessing little conductivity, made upon the zinc. 

Du Moncel has shown that the electro-motive force of 
this battery is, at first starting, very superior to that of 
Mari6 Davy's battery, and inferior to that of Bunsen's 
battery. 
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« 

The figures are : 

Bunsen or Grove cell 11438 

Perchloride of iron 9,640 

Marie Davy's sulphate-of-mercuiy cell 8,19^ 

The contrivance proposed by Duchemm would there- 
fore appear worthy of study. It is probable that, by 
means of some chemical or physical artifices, the con- 
stancy of this battery might be increased. 

The mixtm-e of pieces of carbon with the perchloride 
of iron has already been tried, and with good results. 



DEPOLARIZISG- MIXTURE BAHERIES. 

We have seen in the previouB chaptere that the conetant 
preoccupation of physicigts sliould be to depolarize thft^ 
conducting electi-ode by surrounding it with those bodies 
from which oxygen or clilorine is easily freed. These 
gases combine with the gases evolved by the action of 
the battery, and prevent or diminish the polarization of 
the electrode. Instead of employing bodies which furnish 
oxygen or chlorine by their decomposition, a mixture of 
two substances, whose reciprocal reaction produces osygen 
or chlorine, may be placed around the electrode. 

A battery may therefore be made by using any of the 
* means indicated in works upon chemistry for the prepara- 
tion of oxygen or chlorine. 

We will examine the most important of these IxitterieB, 
commencing witli those in which oxygen is the depolaris' 

ptHgent. 

OTASSIUM- CHLORATE AND SULPHUEia 
ACID BATTERY. 

in 1859 Messrs. SalJeron and Kenow presented to the 
"Gnch Academy of Sciences a battery in which depolai;!- 

otiOQ was effected by means of a mixture of potassiani 

borate and dilute sulphuric acid. 
This battery appears not to have been used except in ft 
V experiments made by the inventoi-s. Its failure, hoff- 
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ever, may Lave been diie to some secoDdary pause, and we 
believe thiit the idea might be carried out, and with very 
good results. 

Tlie electro-motive force of this battery is leae than that 
of Grove's cell, Init greater than that of the Diiniell, 

The inventors call attention to the fact that the potae- 
Bium chlorate destroys five times the quantity of hydi-ogen 
that sulphate of copper does, and that its cost is only 
about three times greater, whence their justiiiable con- 
clusion tJiat the battery ought to be economical. 

Unfortunately we have not been able to ascertain 
whether the depolarization is complete or not ; we have 
not had time to make the experiment oui-selves. 



t 



ANALOGOUS CONTRIVANCES. 



Potassium chlorate could be replaced by chlorate of 
sodium, and the chlorates by the nitrates. 

The mixture of nitrate of sodium and sulphuric acid 
has been tried, and it presents several economical advan- 
tages, because nitrate of sodium is a very cheap salt found 
in large quantities in South America. 

"We do not believe that this battery has ever been nsed 
in the practice, but we do not know what disadvantages 
it might f 



BICHROMATE -OF -POTASSIUM AND SUL- 
PHURIC-ACID BATTERIES. 

Among the many known means for the preparation of 
oxygen, there is one which coneists in putting bichromate 
of potassiima and acidulated water in a retort. The reac- 
tion is indicated by the following equation : 
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KO.2Cr0. + 480. = Cr.O., 380. + KO.SO, + O. 
That is, an alum (double salt having the formuU 
Cr,0„ 3S0, + K0.80,) and oxygen are formed. 

The use of this mixture fordepolarizing the conducting 
electrode was an idea of Poggendorff, who thus conceived 
a very interesting voltaic combination, which has received 
many applications under the great variety of forms given 
fo it by the constnictoi-s. 

The moat simple form of this cell is the same as that of 
theBunsen: amalgamated zinc in a glass or earthenware 
jar, porous- Jar in the centre of the zinc cylinder, carbon 
in the porons jar. -In the ontside jar is snlpliurie acid 
diluted with twelve times its weight of water. In the 
porous jar is a mixture composed as follows : 

r 100 parU of water. 

I . ]3 " " Wchrqmiite of potassium. 

25 •' " sulplkuric acid. 

This battery thus charged has an electro-motive force 
greater than that of any battery that we have as yet 
studied ; it la equal to 2028 volts, according to Clark 
and Sabine, which means that it is double that of the 
Daniell cell. 

It is true that W. H, Preece, Electrician of the Post- 
office, England, found it to be equal to 1.97 at ita maxi- 
mutn, with a liquid composed a little differently, of which 
we will apeak aa wo proceed. But even admitting this 
latter value, it is seen that the electro-motive force of the 
battery in qnestion is greater than that of either Grove's 
or Bunsen'a battery. 

It must be added that this extraordinary electro-raotiva 

force is only realized at first starting, for the battery 

I pol&rizes rapidly, at least ii ^Vaicei. m a, -^tfj ^\i3rt. ewa-ait. 
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The conelusion to be drawn, from tliis hst observation 
is that FoggendoriFa depolarizing mixture aceomplisheB 
tnt incompletely its object; for this reaeoii his idea, 
however ingenious it may be, cannot be placed side by 
side with the inventions of Daniell oi- Grove. 

It is important to note that the two substances of 
which the mixture is composed act upon each other inde- 
pendently of any action of the battery ; consequently the 
liqnid ceases, after a certain time, to possess any depolar- 
izing virtue. In 1841 Bunsen suggested a much more 
complex mixture of chromate of potash, chloride of potas- 
sium, bioxide of manganese, and common salt. Wiede- 
mann says that this mixture gives less satisfactory results 
than that suggested later by Poggendorff. 



is: 
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CHEMICAL ACTION IN THE BICHROilATE 
BATTERY. 

gives the following as the composition of 
16 mixture to be placed around the carbon : 

BichromBte of potash 3 parts. 

Sulpburic acid 4 " 

Water 18 " 

Another composition, as suggested by WOhler and Buff, 

Bichrorante of potash 13 parts. 

Sulphuric acid.... 25 " 

Water 100 " 



It is with tliis latter mixture that the measurements for 
the electro-motive force stated above were taken, and it 
J3 tliat which is used in the Gennan telegraphs. 
^^ Many other proportions have teeo. ang^eaXe^a.-aSi.'^'Mfe 
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conoeniing this sabject a certain conf OBion wbich 
we will endeavor to do awaj with. 

It should be well understood that we are now speaking 
of batteries of two liqaids^ separated by a porous parti- 
tion.* 

Returning to the equation representing the nature of 
the chemical action produced by the reaction of the sul- 
phuric acid upon the biclitomate of potash, it is seen that 
four equivalents of sulphuric acid must be made to I'cact 
uiH>n one of bicliromate. 

Bichrv^mate of potash is an anhydride, whose equivalent 

is: 

KO 47.11 

SCrO, 100.56 

147.67 

Sulphuric acid« the monohydrate, has the follawiog 
ot|uivalont : 

SO, 40 

no 9 

49 

and four equivalents have a weight equal to 49x4=196. 
Thus the theoretical proportion is that of 147 to 196, 
or in round numbers 150 to 200, which is that of 3 to 4 
as indic;Ued by Poggendorff. We repeat once more that 
it is the sulphuric monohydrate that we speak of. If 
ordinary commercial sulphuric acid were used, the propor- 
tion of 3 to 4 would no longer be in accordance with the 
theory (which we have just exposed). 



* We will speak later of bichromate batteries without porous jar, 
"Which are termed (wrongly, according to our idea) single-liquid 
batteries. The composition of the liquid ought to be different. 
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It muBt be admitted that the proportion as indicated by 
Poggendoi-fif haa only a theoretical value, because the com- 
mercial sulphuric acid which is necessarily employed in 
the practice is not a monohydrate, but contains more 
water. 

It is probable that Wohler and Buff increased the pro- 
portion of BTilphiiric acid because they found that an ex- 
cess of the acid facilitated the action ; perhaps tliey also 
observed that the conductivity of the liquid was greater 
with the composition they suggest. 

If we were studying batteries without porous jar, the 
proportions ought to be very different ; the reaction may 
be represented by the equation : 

3Zn + KO.SCrO.-f- 7S0.H0 = 3ZnO.SO.+ Cr.0,3S0. 
+ KOSO, + 7HO 

Tlierefore, one equivalent of biehromate of potash 
(147.67) and seven equivalents of sulphuric monohydrate 
(49x7=343) are theoretically necessary, say in round 
numbera 3 to 7. 

Mr. Byrne recommends the following mixture, in which 
the proportion of sulphuric acid is still greater than tliat 
indicated by the preceding calculation : 

S40 grammes of bichromate of polaah. 
923 " " sulphuric acid. 

2500 " '■ water (21 litres). 

The proportion of 925 grammes of acid to 2500 litres 
of water is greater than that which corresponds to the 
maxiramn of couductibility of the mixture (see Table IV. 
at the end of the book). But it must be taken into con- 
sidemtion that, as soon as the battery begins to work, the 
acid weakens; therefore it is quite justifiable to put a 
larger quantity than is necessary at iirst starting. 
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APPUCATIOX TO THE TELEGRAPR 

Tho biolironiate-of-potaBh battery is employed in Prw- 
»iti ill very iin}H>rtaiit offices. Its considerable elecbo- 
niotivo force has caused it to be preferred to the Daniell 
i^Mcidin^'rV lialloon form) in all places where there is an 
iY^iK'i'ial [lenHm to take care of it, and where the handling 
ii» iK>t i>f tfiich great importance. 

i>ii aiviuuit of its great electro-motive force and its fee- 
bU^ r\vistanct\ this bottery is well suited to those offices 
wliere work is done on several lines at once with a singie « 
l>attorv. 

" Tho necessity of frequently renewing the elements," 
imys l>r. IK'hnis, '^ is an inconvenience, but there is ihi 
difficulty iu the o^ieration. ^ The Commission ' lias in 
(nart avoided this inconvenience by proposing the con- 
struction of very large cells. The large quantity of ma- 
terial thiit thev are able to hold necessitates a less ire- 
quent n»newul. 

'* The electnvniotive force and the resistance vary in an 
unfuvonible manner from tiie li^nning until the battery 
is ii>iuj>letely exhausted. The electro-motive force Jimin 
ic^tu's but sligtitly, and the resistance increases cousidera- 
l»ly. In onter to obtain a greater constancy, n ccrtajn 
nuiiilier of elements may be changed at regular iutervak 
and not the whole battery at one time." 

Tlie elements use<l by the German Government aicdiS' 
]K>se<l lis Ikun l>een described when speaking of the Germain 
moilel of Buiigen*s batterv. 

The earlH>n, having a height of 6^ inches and an exte- 
rior diameter of ^ inches, is placed in the outer jar, 
around the porous jar; its walls are pierced with niov 



r 



DEPOLAEIZING-MIXTUBE BATTERIES. 217 



liolee at different heights, in order to faeilitat* the circu- 
lation of tlie liquid. A copper ring is closely laid around 
the upper part, which liae previously been immersed in a 
bath of paraffins, tis we have explained in speaking of 
other batteries, to prevent the attack on the metal by the 
acida ; this ring is separated from the carbon by a thin 
strip of tin. 

The zinc is placed in the porous jar and is cross-shaped, 
which gives a considerable surface with a comparatively 
small mass. 

The liquids used are : ^vith the zinc, sulphuric acid 
diluted with 20 times its bulk' of water; and with the 
carbon, one part by weight of bichromate of potash, two 
parts of sulphuric acid and eight of water, the latter liquid 
being the theoretical mixture indicated by Eufi. 

We believe it is well in this battery to give a large sur- 
face to the carbon, and to place it in the outer jar ; the 
battery not being completely depolarized by the mixture, 
there is an advantage, as we have several times repeated, 
in increasing tho size of the conducting electrode. As 
the liquids are not subject to evaporation, there is no in- 
convenience in increasing the quantity of tliat liquid 
which produces the depolarization. Tlie disadvantages of 
the cast-zinc disappear with the amalgamation, at least if 
the amalgam is renewed fi-equently enough. 

Dr. Dehras calls this a Bunsen battery, with chromic 
acid. We believe, however, basing our opinion upon the 
authority of Wiedemann, that this is a misnomer. 
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GAUGAIN'S EXrERIMENTS. 



hingain has given the results of several very interest- 
ing experiments with bichromate-of-pota^h batteries. 
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Hfl liae shown that chrome alnrn forms in the battery 
even when not at work, hut that the electro-motive force 
ieonly slightly diminished by this alteration in theliqnid: 
it only varies from 296 to 278 in foor months (open. 
circuit). 

He found that by causing the battery to work npon an 
electric bell night and day, the electro-motive force was,*. 
after 17 weeks' work, still superior to that of the Daniell 
cell. 

These figures show that the battery in question, although, 
less constant than the Leclaiich^, is still a good batteiy, 
especially when a, large nurnlrer of cells are to be collected 
together in a limited space. It will furnish an equal 
rent with fewer cells. There will be no freeing of g 
or odoi'S, and it will only require more frequent attention. 



USE m ENGLAND. 
FULLER'S BATTERT. 

The bichroniate-of-potash battery has also been em- 
ployed in England since 1877, under a form given to it 
by Fuller, The zinc plate is placed upright in the porout 
jar, and held in this position by means of a kind of ring^ 
at the bottom. It should be carefully amalgamated, 
also the copper wire which rises from the bottom an* 
serves as the connection. Finally, an ounce of liquit 
mercury is put in the bottom of the porous jar, as we hai 
seen (Jone by Tyer and other electricians. 

The carbon does not surround the porous jar as in thi 
GermiD model; it is a fiim^pVe -^M.* ¥>\fi..\i^ 1' 
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provided with a metallic c^ to which a clamp screw is 
attached. 

We owe to Mr, Spagnoletti eonie very interesting infor- 
tion upon the results obtained from the uae Jt this 
battery upon the Great "Western Railway, England. 

He estimates its electro-motive force at 2 volts and ita 
resistance at 1 ohm, for the model whose capacity is one 
litre. At Paddington Station the service, directed upon 
11 lines, vaiying from 42 to 284 miles, is done at present 
with 64 of Fuller's cells only.* 

This battery worked actively night and day the whole 
of the year 1878, during which time sulphuric acid was 
added ten times and bichromate only live times. At 
the end of December tlie cells were dismounted and 
thoi-onghly cleaned ; several zi nc plates liad to be replaced. 

It is seen that the care of the battery is reduced veiy 
much ; and indeed during the iiret three or four montlia 
no attention whatever is necessary. 

Mr. Spagnoletti considers this battery as very conve- 
nient for branch offices ; and indeed, when compared with 
the Daniell, the i-eduction to one half of the number of 
cells is no small advantage. 

The cost of keeping the battery in order is not very 
great, as the carbon ought to last a long time, and the 

10 from twelve to eighteen months ; the sulphuric acid 
and the bichromate are substances which cost very little. 

It appears tliat there are already 20,000 cells in use in 
England, whieli is proof of a great success. We know from 

* It is iatercstiDg to note tliat at Paddington Station 64 of 
Puller's cells replace BTa of Dsniell'B of the model shown in Fig. 28, 
This enormous progress is. however, not wliotly due to the Buperiority 
of the bichromate battery ; it is due in a great measure lo the adop- 
tloB of the "Univeraai Syateoi," 
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good authority tliat 3000 cells are now in use at tlie 
General PoEt-oftice, London. 

The only new peenliarity we notice in Fuller's battery 
is the amalgamation of the ziuc, which suppresBesall local 
actions and prevents the waste of the zinc during the 
whole time the circuit is open. This ia a capital advan- 
ige in lis application to the telegraph. 

This hattery appears to tie to be well suited to impor.' 
tant telegraph offices where the Leclanche is out of placa 
It also does very well, aa Mr. Spagnoletti says, for closed' 
cuiTent services. 

For ordinary telegraph offices, however, the Leelanchd, 
or the chloride-of-litiie battery, appears to ns to be snpe- 
rior. It is true tliat a larger nnmber of cells is required, 
bnt the handling of any acid is dispensed with, and the 
battery may remain many montlis without being visited, 
and years without renewing the zinc. 

MILITARY BATTERIES. 

Bichromate-of-potash batteries with especial dispositiona 
are used to set tire to military mines. A description of 
them can be found in Captain Picardat's book.* Wo 
will only describe two of these apparatus, 
' The single-cell battery, represented by Fig. 48, ie ooiBh 
posed of a hollow zinc cylinder, in the centre of wlii<^. 
is a rod of carbon. The oiiter surface of the zinc, which ; 
is not designed to effectually contribute to the useful 
action of the battery, is painted over with a black varnish, 
which shields it from the attack of the liquid. The two 
electrodes are fastened to a small circular piece of wood, 
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whicli is provided with terminals to wliicli the conductors 
are attached. The liquid is contained in a glass jai'cloBe'd 
with a wooden tampion eun-onnded with rubber. 

The electrodes are only immersed in the liquid at the 
precise moment when the mine is to be exploded, and 
they only i-emain a few seconds. Under these circum- 
stances the battery has ita maximum effect. 

If, in a very short time after use, the electrodes can be 
washed in pure water, there will be no sensible waste of 
the zinc ; neither will any liquid Lavo been consumed. 




Consequently with a little care and attention the battery 
may do service a long time without being renewed or re- 
paii-ed. The wiiole apparatus is enclosed in a small box 
with two compartments, whicli the figure plainly shows. 
This simple battery is known by the name of " Arras," 
because it was first used at the Ecole regimentaire du 
Genie d" Arras by Captain Barisien. lu fact this battery 
was originally arranged as we will now describe. 
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oelle were constructed. Each cell is composed of a hal/ 
cylinder of zinc and a half cylinder of carbon, separated' 
at^the upper part l>y a little piece of ebonite. They arai 
lupported by being fastened in holes made in a small', 
board ; these holes may be lined with copper, which 
tablishee a good contact between tJie riectrodes and the 
connections of the adjoining cells. A wooden handle 
allows the four cells to be moved at once and simultar 
neonsly immersed in the jars containing the liquid. There 
was in the box a second compartment where the 
trodcs remain separated from the liquid while the bat- 
tery is not at work. 

We have described this apparatns to show especially 
liow it may he improvized, perhaps not in the cotintry, 
but in a besieged town or city, where there might be a 
lack of more perfect material. 

GRENET'S BOTTLE BATTEKY. 

This battery (Fig. 49) has the form of a bottle with a 
wide mouth, the lower part being almost spherical. The 
top is provided with a brass frame, to which is fastened 
an ebonite cover. To this cover are attached two carbon 
platfes whicli pcniianently dip into tlie liquid, and which 
are held apart at the bottom by means of small pieces of 
ebonite. Between the carbon plates is suspended a zino 
plate which may he plunged into the fluid or withdrawn 
at pleasure. The contact between the carlwn and the zino 
is prevented by little pieces of ebonite fastened to the 
carbon and which serve to guide the movement of the 
zinc. 

This battery is employed very extensively in labora- 
tories, and presents sotne very great advantages : 1st, 
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tie resistance is very slight, on account of the short dis- 
tance between the electrodes ; 3d, the waste of the zinc 
is snppressed during the intervals between experiments, 
KB it is withdrawn from the liquid; 3d, polarization is " 
slackened by the comparatively large surface of the car- 
bon electrode ; 4tli, the quantity of liquid is considerable 
on aecount of the spherical form of the lower part of the 
bottle; 5th, and finally, the charging and cleaning of 




the battery is extremely easy, as there are but a single 
jar and a single liquid. 

In spit© of these advantageous dispositions, the battery 
^ves a powerful carrent only for a short time, after which 
the intensity is seen to diminish. This element is there- 
fore only suitable for experiments of very short duration, 
such aa are made in laboratories, or for surgical opera- 
tions which last but a few minutes. 
^L ' Sometimes this element is complicated by using three 
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carbon plates and two zinc plates; the surface of ths 
electrodes is tlma increased, and tlie battery Btill coneiHtg 
of one cell. A cell of tbia kind is frequently employed, 
alone or joined with otLers identical, to excite itlinm^ 
korffa induction-coiid. 

Grenet used a leaden tube starting from the cover and 
going to the bottom of the liquid. This tnbe served to 
introduce air into the bottle and to agitate the liquid. Thii 
■ idea has been abandoned iu ordiiiai-y practice, although it 
possessed great merits. 

Although tliis be an element with no porous partition, 
t is sonietimea wrongly called a single-Hquid cell ; there 
are in reality two liquids mixed; viz., sulphuric acid 
designed to act upon the" zinc, and a mixtui-e of acid and 
bichromate intended to depolarize the carbon. 

TEOUVfi'S BATTEEY. 

This battery, represented by Fig. 50, is a derivative of 
tlie preceding one. A certain number of zinc and carbon 
plates are placed'in a suitable ebonite frame, and are held 
at short and equal distances apart, in such a manner aa to 
be joined to form either a single element with a large 
surface or two elements with a smaller surface which i 
joined in intensity. 

The frame or box in which the plates are placed 
formed of an ebonite base and two vertical ebonite sup- 
ports, N, united and held at the top by the handle, A. ThB 
distances between the plates are maintained by bands of 
rubber placed around the carbons horizontally. In > 
of any accidental shaking these rubber bands deaden the 
shock, which is very important for the carbons, as their 
fragility is such as to necessitate great care to prevent 
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Uieir being broken. Metallic and movable elampa are 
placed upon the zinc and carbon plates, and are attached 
I to cross-pieces above, which join several zinc or carbon 
Opiates together. 

In the figure, to the right, in front, are seen three car- 
K)h plates joined together; tliia U the positive pole of the 
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battery. The three corresponding zinc plates are behind, 
joined to each otlier and to tliree other carbon plates; finally, 
the last three zinc plates are united to the left, in front, and 
tioi forms the negative pole of the battery, which is thus 
composed of two cells joined in intensity. 

Tbe two cells ai-e inimei'seOi in a.femgVfet'Oxv^'aOTA^xw- 
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itig theliqaidfOr rather tlie mixtare. There is, tobesnre, 
a certaiQ loee of cnrrent hr the liquids, bnt the edinplicitj 
of tho bfttteiy more tlian compeneates for the fault is 
qaestion. 

A tube, T, permits the introductiou of air, -which goea 
to the bottom of the liquid, agitates it, and oontribntee to 
the depolarization. The battery may be ehakea in the 
liquid by means of the handle, which will produce almoet 
the same effect as the injectiou of the air. 

It is seen from the preceding that Trouves arrange- 
ment presents the following advantagee: 

1. The battery can be easily and rapidly dismounted, a 
convenience wanting in Grenet's element. 

2. The plates, when dismounted, can be conveniently 
washed, which prevents any slow waste caused by the acids. 

3. The zinc plates can be reamalga mated, and when 
worn can be replaced without the help of a special con- 
Btnictor. 

i. The clanipa washed and dried may serve indelinitely, 
Finally, the battery may be so arranged as to form two 
or more elements, or a eingle cell. 

BYRNE'S PNEUMATIC BATTERY. 
Dr. Byrne, of Brooklyn, New York, has invented, upon 
[ the preceding principles, a battery wliich attracted a great 
L deal of attention in 1878, and which deserves to be dwelt 
' upon. 
I Tlie positive electrode is formed of a plate of zinc and 

placed between the two negative electrodes, as in Grenet's 

battery. 
[ The double negative electrode is in reality a very thin 
I plate of platinum. But Dr. Byrne, taking into acootint 
L the insufficient conductibility of this thin plate, faced one 
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•side of it with a plate of copper. Moreover, to avoid" the 
attack upon the copper, he coated it witli lead. Thns 
the electrode consists of a copper plate which is coated 
with lead, and which has one side faced with a plate of 
platinum. A layer of Yarniaii protects tlie parts of the 
lead which are not covered by the platinum. 

The element is placed in a large square ebonite jar, 
provided with a cover of the eame material, to which the 
two negative electrodes are attached. Between them is 
suspended the zinc phite, wliich may be immersed in the 
liquid or taken out when tlie battery is not at work. 

Finally, Dr. Bynie affixed to his battery a means of 
aerating or agitating the liquid. This apparatus consists 
of a perforated rubber tube, which is fixed in the bottom 
of each cell, and through which air can be forced into the 
eolation by means of a fan or blower ; this is what Grenet 
did as early as 1857. 

The intensity of the current furnished by this element 
is considerable ; it is especially suited to medical uses, and 
particularly to cautery purposes. 

With a battery of 10 cells a stout platinum wire, 30 
inches long and 1^ inches in diameter, was brought to a 
glowing red heat. 

The advantage of the injection of air is shown by the 
fact that when air is being forced in the platinum wire is 
quickly brought to a glowing red heat, and that on ceas- 
ing to inject air the wire gradually cools down. 

The electro-motive force of this element varies but 
slightly (from 1.73 to 1.97), as will be seen further on ; 
but its variable resistance (from 0.78 to 0.14 ohm) ia al- 
ways exceedingly small. 

This feeble resistance is the reeolt of several circum- 
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AGITATION OF THE IIQUID. 

Wo Imto ftlraidj fipoken of the adTmtage of i^tatmg 
the )i<jiiid or ilie ek<tfx>des of a bettety sabjeet to polari- 
Eiitioii. Tlio itwmH i« a freeing of hydrogen Imbbles 
wiiirh diiiiini»hc« the polarization. It happens also, some- 
time^ that precipitates poBwesing little condnctibiiity 
fonn tlietnselves upon the conducting electrodes, and 
which the agitation oausos to fall to the bottom of the jar. 

This latter ini])edinient is met with in the bichromate 
Imttorv; it hapix^ns in certain instances that there is 
formed, iH^sidcB the chrome alnm, a yellow precipitate 
w]n(»h pnrtinlly covers the carbon and diminishes the in- 
tensity of the l>«ttery. 

Fmin the beginning, Grenet, to whom is due the very 
excellent form of the element that we have made known, 
armngtHl a tnlw of lead descending to the bottom of the 
licjnid ; to tluB tnlw was fasteneil another one of rubber, 
through which air was injected, either by blowing with 
the mouth or with a bellows. This air passed through 
the liquid from top to bottom, agitated it and depolarized 
the battery : at least that is what it was believed to do at 
the time. 

I'rcece has lately made some very extensive experiments 
u|M>n the etiect of the injection of air in Byrne's batteiy, 
which have given fresh intci'est to the subject 
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Ladd announced that by introducing Bnceessively into 
the battery coinmon air, oxygen, and liydrogeu, no differ- 
ence was obeerved. Preece confirmed the trnth of this 
statement, and obtained the fianie effects by injecting a 
liquid into the liquid. It is therefore well established that 
the air does not act chemically, bnt purely by the agitation 
it produces. 

Preece hfis also eetabli^ied that the electro-motive force, 
though not invariable, varies but very little, the limits being 
1,73 and 1.97. The result is that the causeof the change 
in the intensity of the current is not depolarization in the 
ordinary sense of the word.- 

His experiments have proved, moreover, that the inter- 
nal resistance of the battery varies considerably as the 
temperature of the liquid is increased under the influence 
of the agitation. 

This is shown by the subjoined table: 



FORCK. Bebistakcb. 

Tnbi. OentiB. (Daniell=l.) (Ohin=l.) 

80 20.B6 1.78 0.78 

100 87.77 1.88 0.61 

120 48-88 1.93 0.86 

140 60,00 1.97 0.34 

180 71,H 1,97 0,19 

180 82.22 1.87 0.17 

300 B3,33 1.87 0,14 

In order to further elucidate the question, Preece anb- 
mitt«d the liquid to a direct experiment, outside of the bat- 
tery and away from the zinc ; he employed two platintiin 
K^eleetrodes, as is almost always done when the resistance 
HmI liquidfl is to be ascertained, and he found the following 
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» M.ll 178 

M «ia l-M 

no 4X.Si l.»7 

lao SLU 1.15 

I« K.SS 1.00 

170 78.60 O.T» 

190 88.88 0*3 

210 M.N 0» 

Sli (boiling ptriDt) O.Oi (varikble) 

Bnt the high temperatare lb not developed by the ac- 
tion alone of the acid npoc the tiiebromate of potash ; the 
zinc mtiBt necessarily be preheat. One is led to tlie belief 
that the crnmlation of the liqnid promoted by the air 
tends continually to bring fresh acid in contact with the 
zinc plate and to disperse the Rait formed at ite surface^ 
which wonid obstruct further action of the acid. 

This circulation of the liquid is especially necessaiy to 
cause a renewal of the contact {between the liquid and the 
positive electrode) when the electrodes are verj' near each 
other, as is the case in the batteries of Grenet, of Troav^ 
and of Byrne, because in this latter instance the natural 
motion of the liquids is slower and more difficult. 

Other inventors, seeing the utility of the agitation in 
the liquid, have sought to improve upon the process sug- 
gested by Grenet. They have (first Chutaux and then 
(^aiiiaclio) arranged several elements in gradation, the 
liquids flowing from one to the other and thereby pro- 
ducing a renewal of the active fluid at the contact with 
the electrodes. 
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CAMACHO'S BATTERY. 

We have aaid above that Clmtanx sought to produce 
the agitation of the liquids wliich ia bo advantageous in 




the bichromate-of-potash battery, by placing the cells one 
above the other and causing the li(\yud to ^aat * 
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sivelf ID two or three cells. TliU di^Hwitioii 
lu very ciiinben>ome, and we prefer that of 
repreeented bj Fig. 51. 

The jara are placed iu gradation apOD etepe ; the liqi 
falk from a special reservoir into the poroos jar of ths 
top cell, whence it ia carried by means of a eiphon int(t 
the BQcceeding one, and €o on. 

Tbe n^ative electrode eonsiets of a email bar of 
and a considerable masa of cm&hed gae-retort carbon^ 
which tills the poroos jar; the enormous surface of thii 
electrode renders polarization verj slow. 

Wc have recommended this diepodtion for all batierieET 
Bnbject to polarization, that is for those which have not 
an abtiolutel; efficient depolarizing agent. In this batteiy 
it is very advantageously applied. Gaag^n has publishedi 
tables of comparison, which show the influence of cmehed 
carbon placed around the principal plate. 

DELAUKIEK'S BATTERY. 

TliiB 18 a modification of the bichromate<if-potaaIl 
battery. It has in the outer jar a zinc electrode which 
eurrounds the porous jiir, in which is a carbon electrode. 
Wlieu the battery is charged, pure water is put with the 
zinc, and with the carbon, a hquid composed of water, 
bichromate of potash, sulphate of soda, sulphate of iron, 
and Bulplmric acid. 

At first starting the resistance is considerable on account^ 
of the pure water in the outer jar ; but a certain quantity 
of the compound hquid soon passes through the pores of' 
the diaphragm and the resistance of the element diminishef 
about one half. 

It is difficult to aeccrtain ^tetilsely y;hat chcinicait 
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actions take place between these numerous compounds, 
either while the circuit is open or closed. However, 
Delaurier's battery is employed by many, and especially 
for depositing silver, for depositing nickel, gilding, etc. 

The advantages of this battery are mostly attributed to 
the proportions of its different parts. The porous jar is 
comparatively large and contains two carbon plates instead 
of one, which diminishes the internal resistance. 
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PART III. 
VARIOUS BATTERIES. 



DKY PILES. 

We will briefly describe those galvanic batteries called 
drypUefi, in whicli the liquid is replaced by a slightly 
moistened or oily substance. 

In reality, these batteries are not dry, and cease to work 
when they are thoroughly dried. In the beginning, cells 
were formed of two thin plates of copper and of zinc, 
having between them a sheet o£ paper saturated with oil 
or salt water and nearly dry. 

In 1812 Zamboni suggested a more original disposition, 
which has been but slightly modified, and which is con- 
structed as follows : 

A sheet of paper is turned upon one side, and npon the 
other side is spread with a small brush a thin layer of 
peroxide of manganese thinned with niilkorwith gummy 
water, or even with common paste; this is left to dry, 
and then, placing a certain number of these shaets one 
npon another, small discs about l\ in. in diameter ai-e cut 
out by means of a punch ; the discs are then placed one 
npon another in regular order. To render this pile of 
discs solid, the latter are placed in a glass tube well var- 
nished on the inside ; they are pressed down as tiglitly as 
possible, in order to insure good contact. At both ends 
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there are metallic plates -n-Iiich represent the poles of the 
batterj-. These metallic pl;ilesare a little larger in diam* 
eter than the discs of tlie battery and are pierced with 
several hole*, through whicli silk cords are passed whidi 
liold the conipreseed column and even dispense with th^ 
glass tube of wliicli we liave upokeii. 

Great caro must be taken, especially when the glass 
tube is not »ped, to exclude the air, which may be done 
by covering the pile with guui lacor with sulphur; other- 
wise losses would be sustained on account of the humiditf 
of the air, and the effects of the battery would be greatly 



Electric sparks can be produced with these batteries, 
their electro-motive force is considerable on account of 
tlie large number of elements which enter into thdr 
composition. 

The internal resistance of these batteries is enoirnoos, 
AS ia easily understood. This explains wliy a most sensi- 
tive galvanometer is needed to detect any current. 

It is easy to comprehend how dry piles recover but 
slowly tlieir charge, after liaving been discharged, and 
how they do not receive tlieir maximum charge in a damp 
atmosphere. 

Zamboni's batteries do not last forever; it has been 
proved that after a few years they lose all their force. 
In their last stages of weakness, a portion of their energy 
may be restored by exposing them to an intense heat. 
It is probable that the chemical actions are tliud accel- 
erated. 

The chemical reaction which takes place in each element 
is very simple ; the peroxide of manganese is decomposed 
and the tin is oxidized at its expense. It is to be noted 
(Jist the bioxide plays t\ve part oi\>o\\\.wi^i\\fcV\a%feW.t,Mdfi 
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and of active subatanco. Tlie papei' aeta as simple con- 
ductor, which property it owes to the humidity it con- 
tains. "When this liiimidity disappeare, tlie battery no 
longer produces any electricity, and it is only necessary 
to expose it to damp air in order that it may recover its 
electro-motive properties. Experiments show that dry 
jiiles possess all the properties of ordinary batteries. 

Dry piles used to be employed to turn small apparatus 
based upon the attraction and repulsion of electrified 
bodies. Perpetual motion was thought to have been 
secured, but after a few yeare these apparatus stopped, 
proving once more the foily of such a research after the 
impossible. These scientific playthings have now gone out 
of fashion ; no more are constructed, but tiiey ai-e found 
described and illustrated inneariy all works npon physics. 

To-day dry piles are only used in connection with 
electroscopes, notably with t]iat of BohneHberger, the 
description of which is found in moat works treating of 
tlie suliject. 

L IDENTICAL ELECTRODE BATTERIES. 

r Hitherto in batteries we have always met witJi. two 
diatinet electrodes immersed in one or two liquids. 

We desire to show that batteries may be composed 
which contain identical electrodes, provided tliese elec- 
trodes be immersed in two diflfereut Mquids. The direc- 
tion of the curi-ent will be determined because one of the 
liquids will attack its electrode more actively and the other 
will attack its electrode less actively or not at all. 

We will give a very simple example. lu a jar put a 
Baturated solution of sulphate of copper, and on top of this 
Bome acidulated water, or salt water, or pure water, Now 
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if ft eopper plmte be placed on end in this liquid, it will be 
attacked at tlie top and become charged with copper at 
tbe bottom. It is plain that we have there tut element of 
eopper, acidolated 'waler, &nlphate of copper, and copper. 

This experiment fumisbes the explanation of liow a 
drop of sulphate of copper thrown npon copper will pro- 
dace an attack, the same as a drop of nitrate of silver apon 
a silver plate. It happens that, bv difference of specific 
gravity, the more eattirated solution falk to the bottom 
and the le:^ charged solution rises to tlie top; conse- 
quently a current is produced which transfers the mel^ 
from one point to iinother. In order to have no action 
at all, the composition of the liquid ought to be tlie same 
throughout. 

We thought it better to note these observations to show 
the reader that varions phenomena not apparently electrie''^ 
can in reality only be eitplained by e!ect(\>cliemistry. 

UNATTACKED ELECTRODES IN BATTER 

In all the batteries hitherto described we have fonnd a 
metallic generating electrode. This electrode is dissolved 
in the liquid in which it is immersed, and this action pro- 
duces a current. But tlie actions between liqaids can 
also produce electricity. 

If in a vessel divided into two compartments by a J 
porous pai-tition acid is put in one division and an alks-1 
line solution jn the other, there will be a reciprocal reac-J 
tion in the pores of the diaphragm and the formation o^ 
a salt ; if two platinum plates be immersed in the liqnidl 
a cnrrent will be made manifest in a wire condnct 
uniting the two plates. The positivepoleof thiselemei 
will correspond to the acid. Nothing would be chaiij 
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', instead of two platinum pktcs iminersed in the two 
wmpartments, there were one of platinum and one of 
pld. Neither of tliem are attacked, both are conducting 
" sctrodeB, and there is in reality no generating electrode. 
We will not insist upon these voltaic contrivances 

^hich have ae yet received no application. It should be 
loticed, however, that they generally polarize like 
■dinary batteries. A single one has been invented 

frhich does not polarize, and which ehoald be noted in 

the enumeration that we have undertaken. 



BECQUEEEL'S OXYGEN-GAS BATTERY. 

This apparatus is composed aa follows ; A glass tube 
closed at the bottom by a porous partition is placed in a 
flask containing nitric acid ; potash ia poured in the glass 
tube, and in each liquid is placed a bar of platinum to 
■which a conductor is attached. "When the circuit is 
closed by bringing the two connections in contact with 
each other, a lively action takes place, the acid and the 
base combine. But this simple reaction does not take 
place alone; the current thus produced decomposes the 
surrounding water, the hydrogen goes to the nitric acid, 
whicli it reduces, and is not given ofE upon the electrode ; 
consequently there is no polarization. The oxygen goes 
to the potash, remaining free, and surrounds the plati- 
num plate. 

This battery ia remarkable as being the only one in 
which oxygen is evolved, the contrary from all other 
batteri^ in which hydrogen is evolved (except, of course, 
totally depolarized batteries). 

It moreover possesses a great historical interest, be- 
cause it is the first battery furnishing a coustaut ciitisi'n.t 
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^H tint WW ODiMtrBcied ; it is in tltia ekment that werefint 
^B employed two Uqiuik utA » purow duphngm. 
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Ilifoiigtiovt diia work w« bai% dtown that the 
bastion or diMolving of zinc is the principal and ahnoat 
odIj meaiH emplojired to prodnce voltaic electricity. 
TIiiu, each eqoirak-at of electricity oo^ts, at the mint- 
mDiD, one eqniraleai of zinc plus an eqnivaleDt of (me 
or two other eobetancc&, and it i^ for that reason that 
electricity is so expeufiive. 

It might be rea&onabiy inqnired whether the coinbos- 
tion of common coal conid not be utilized for the prodno- 
tion of electric cnrrents. 

Magneto-efectrical machines, whicli famish a continib' 
oofi cnrrent, and of which the Gramme machine is tfas 
model, present a solution of thb problem. When m 
Gramme macliine is pat into motion by a steam moto^ 
tliere is seen a transformation into electricity of the heak 
produced by the combastioa of the coal in the furnace of 
the motor. Tliat is an indirect solution, for the heat is 
first transformed into motive force, which is in turn 
transformed into electricity ; but it is a very good Bola^ 
tion, and is to-day continued by practice. If the elee- 
tricity produced by Gramme machines cost but littje, it 
is because it is produced by tlie combustion of coal, whit^ 
is as yet the most advantageous source of energy discov- 
ered^an energy which presents itself in the form (rf 
heat, of chemical energy, of movement, or of electricity, 
and which may be transformed into one or the other ol 
these four powers. 

It is very probable that a direct transformation into 
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electricity of tLe lieat produced by tlie combTistion of 
coal may be obtained. Mr. JablochkofE has already in- 
vented a battery cell whicli fulfils the above conditions. 

The liquid of this cell is melted nitrate of potash or 
nitrate of soda ; one electrode la of coke, and the other 
of platinum, or even of cast-iron. The coke is burned at 
the expense of the oxygon of the nitrate, and produces 
torrents of carbonic acid; the cast-iron remains unat- 
tacked. 

The coke is therefore the poaitive electrode, and the 
cast-iron the negative. It is tJie contrary of that which 
would take place in a battery with an ordinary liquid, 
acid, or salt dissolved in water. 

Tiie nitrate should be previously melted, but as soon as 
the action begins the salt remains liquid on account of 
the great heat produced by the combinations which take 
place; and if the element be left to itself it suffices, to 
put it in action, to bring the end of the coke to a glowing 
red heat, and then to press it against the suriace of the 
Bait ; the chemical action begins immediately, and by the 
beat it produces the melting of the nitrate, and soon the 
element is reproduced. 

It nn'ght be found that such a battery cell presents 
nothing jiractical in its actual form, and we do not heai- 
tate to expi-ess that opinion, bnt we believe that it points 
out a new way in which much progress might be made 
if the attention of pliysicists were turned in that direc- 
tion. Volta's battery itself wlien invented was a purely 
scientific novelty, and it was far from being regarded as 
an object of any pi-actieal utility. 

Mr. JablochkoiTs expei'iment will doubtless call forth 
many coniinentariee. This is not the place for any re- 
marks jipon the subject. We only wished, in mention- 
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ing tliie battery cell, to bLow our readers that beyond t 
already explored horizons there remain other worlds 
discover and virgin lands tx) cultivate. 

GAS BATTERIES. 

We have explained how a voltameter, in which oxygu 
and hydrogen were evolved, could become a source t 
electricity. To show this, it is only necessary to attach 
the wires of a galvanometer to the terminals of a vol 
tameter thus charged. 

If the electrodes of the voltameter are immersed partlj 
in the acidulated water and partly in the previous!: 
evolved gases, the voltameter may furnish a curr 
during a considerable length of time ; the oxygen i 
hydrogen recombino through the liquid, and tlie cuirea 
resulting from this combination lasts a^ long as there i 
any gas in contact with one or the other of the ele( 
trodes. 

Under these cireumstances, a voltameter becomes i 
reaUty a gaa battery. Wlien the gases are consnmei 
they can be replaced, and the action of the battery pro 
longed, jast as acids or Baits are renewed in ordinar 
batteries. 

Grove, to whom is due the invention of these interest 
ing contrivances, has given to them many and variots 
forms. He has also substituted for the oxygen and tl« 
hydrogen other gases, such as chlorine, protoxide of e 
bon, bioxiile of nitrogen, olefiaut gas, and has found b 
teries analogous to the first one. He has discovered t] 
certain gases when takeiL together produce no electn 
current; viz., nitrogen and oxygen, nitrogen and hydi 
gen, protoxide of nitrogwv avui o-s.-;j^ii. 
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A certain number of cells, Bach as we have described, 
may be joined in intensity, and it will be seen that they 
possess the same general properties as ordinary battei'iee. 

Gaugain has established the fact that gas batteries do 
not act except by dissolved gases ; so that their force be- 
comes less as the solution weakens, just as in sulpliate-of- 
mercury and sulphate-of-lead cells. 

It is moreover probable that, in addition to this special 
weakening, gas batteries are liable to polarize like the 
others, especially when there are several elements in the 
circuit. 

Batteries in which only one of the active bodies is 
gaseous, while the other is liquid, have also been dis- 
covered. 

Thus Grove has been able to obtain a eurrent by caus- 
ing oxygen to act upon sulphate of protoxide of iron, 
which is subject to oxidation and is transformed into 
sulphate of peroxide, or by causing hydrogen to act upon 
nitric acid, which decomposes and gives off oxygen. 

Ed. Beeqiierel caused liydrogen to act upon eliloride of 
gold m the presence of platinum. 

Two or single gas batteries can receive no application ; 
the great interest they possess is simply theoretical. 

SECONDARY BATTERIES. 

We have already said that a voltameter submitted to 
the influence of an electric current for a moment be- 
comes capable of furnisliing a current contrary to the ex- 
citing current. This capital fact has enabled us to show, 
under one of its plainest forme, the phenomenon of the 
polarization of electrodes. 

The jjurrent thus furnished by t\\e vo\lai.\ftfe\,ftv is, ^ *xm- 
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ondary current, and the apparatne becomes a aeeondary 
ehmeiit. Tlie current may be said to have been i\it- 
uished by the battery, and returned by the secondary 
element. 

TLe study of this queetion dates from the beginning 
of the present centnry — Gaiitherot in 1801, and soon 
ufter Ritter called attention to it. liitter has shown 
that secondary elements may be produced under other 
fonns than that of the voltameter ; two electrodes of 
platinum, of carbon, of copper, or indeed of more easily 
oxidized metals, placed in a conducting liquid, eufflce to 
constitute a secondary element. 

A column battery formed of a succession of discs of 
copper and cloth moistened with sulphate of potash cob- 
stitutes a secondary battery. 

Pursuing the general idea with which this work has 
been written, we can, iu conclusion, do no better than to 
study in detail secondary batt«ries, which present aa 
application of the polarization of electrodes. 

To make the subject clear, let us consider a secondary 
battery fonned of two platinum plates immersed in acidu- 
lated water. 

The most feeble current suffices to polarize these e1eo4 
trodes, as can be shown by carefully observing the sofl 
ondary current. It ia not necessary that the excitJM 
current should have a tension sufficiently great to decoiifl 
pose water ; one of Dauiell's elements, or even a tnoifl 
feeble one, can polarize the secondary element. I 

Wlien the cell is polarized by a more energetic curreida 
the secondary current also increases in energy, but it 9 
dear that the electro-motive force of the second can nern 
be superior to tliat of the first. 9 

If in a circuit are p\afted an oTilwiM-j t^«\\. %^v<^{a$M<ajfl 
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ter, and a aecondary cell, the following facte are ob- 
served : at fiM the current of the polarizing cell pasaea 
■w-ith great entirgy, as the galvanometer shows, tlien it 
gradually diminisheB on account of the increaaing polari- 
zation of tho secondary cell. 

If the polarizing current is not Bufficient to decompose 
water — if, for instance, it is furnislied by one of Daniell's 
cells — it happens that the secondary current counterbal- 




8 the principal current, as shown by the galvanome- 
ter, which marks no deflection, 

If the principal ciirrent is sufficient to decompose 
water, the above equality is never reached, and the free- 
ing of gases corresponds indefinitely to a circulation of 
the current made manifest by the galvanometer. 

If, instead of a single secondary element, several are 
placed in the circuit, polarization will be divided between 
them ; each one taken separately will furnish a secondary 
current after being a moment under the influence of the 
principal current, but the sum of the electro-motive forces 
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All thig will be made cleai-er by the following detailed 
Btudy of secondary cells having electrodes of lead. 

Ab early a£ 1859 Mr. Plants showed that lead was the 
most favorable metal for use in secondary batteries, and 
he haa since that time accumulated many proofs of this 
superiority. Figs. 32 and 53 show the element as con- 
structed to-day. In a tall vessel made of glass, of rubber, 
or of ebonite are placed two sheets of lead roiled to- 
gether parallel to each other, and kept apart by two 
strips of rubber rolled with them ; these two sheets are 
immersed in a solution containing one tenth of sulphuric 
acid. The vessel is closed by a sealed stopper in which 
there is a hole through which the liquid is introdnced 
and extracted, and through which the gases evolved dur- 
ing the charging may pass off. The apparatus is capped 
by an ebonite cover furnished with two clamp screws 
which communicate with the two electrodes ; there are 
also two clamps, which hold metallic wires to be heated 
and melted by the secondary current. 

To charge this secondary element to its maximum, two of 
Bunsen's cells or three of Daniell's must be used. During 
the charging, one of the electi'odes becomes oxidized, a 
brownish layer of peroxide of lead is soon seen, and the 
metallic aspect completely disappears ; tlie other electrode 
only clianges in appearance, its surface becoming covered 
with a grayish matter. 

When it ia charged to its maximum — that is, when oxy- 
gen begins to free itself from the brown electrode — it ia 
well to separate the secondary cell f i-om the active battery, 
as the polarizing current is no longer useful and is wasted. 

The secondary element thus chaj'ged and left to itself 
can pi-eserve a part of its charge sevcj'al days, and at the 
end of a week it is still far from being exhausted. 
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The secondary cell when charged to its maximum hos 
HTi electro-motive force eiinal to one aiid a lialf that oi- 
Bunsen's cell ; it can bring to a glowing red heat a jilatiuma 
wire large or sruall aceordiug to the diiiiensioim at 
the cell, or, better, according to the size of ite electi'odes. 
It can be easily undcretood, indeed, that the quantity o£i 
electricity fiimislied by the apparatus is in pro|X)rtion tO' 
the extent of surface of tlie lead submitted to the action, 
of the polarizing current and covered with an active eleox 
tro-chemieal deposit. 

It sliould be noted that the peculiar form of the eloe-, 
trodes oHere a lar^ surface and a smalt resistance undeiSi 
a small volume ; so that one of Flante's secondary ccll» i^ 
equal to an active or ordinary cell of extraordinary dimea« 
eioDs; tlie small model has a siirfaee of eight equarq 
decimetres, the large one a surface of foar square deci- 
metres. 

The current furnished by a secondary element eatt 
produce chemical decompositions, act upon an electro^ 
magnet, etc. ; but if its intensity be measured in one way 
or another, witli a galvanometer for instance, it is seen to 
diminish from the maximum of which we have spoken 
above. This decrease is very slow if the circuit offers a 
great resistance, and if, as a consequence, there is a very 
small Sow of electricity ; it is on the contrary very rapid 
if tlie circuit offers but a elight resistance, because the 
electricity tlows in a large quantity. 

A very curious and interesting fact is noticed during 
the discharge of the cell ; it is apparently completely dis- 
charged, but if the circuit be left open several miimtea, 
it has been ascertained that it recovers a certain enei^ 
and that it can still furnieh a certain quantity of eletK 
I tridty. 
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The battery tlius delivered of its first residue and left 
to itself foi- some time vdM fui-nish a second residue, less, 
of course, tlian the first. And this is not the last one, for 
several more oau be obtained. Mr, Plants lias very 
cleai'ly explained thia peculiarity. The secondaiy element, 
■when it becomes active, dischargee itself and at the same 
time polarizes, as all siugle-liqnid batteries. This polari- 
zation attains in a certain time a force almost equal to 
tliat of the already weakened secondary element, and the 
action ceases or is reduced to very little. If the battery 
then be left to rest, it depolarizes as do all single-liipiid 
batteries polarized by their own action. As soon as the 
battery is depolarized it is again ready to furnish a cur- 
rent, but during this new discharge it again polarizes, 
and so on. 

If we consider the secondary cell as completely or 
almost completely discharged, it may be recharged with 
two of BuDseu's elements, as in the fii'st instance; but it 
is well to note that the more immediately after the dis- 
charge the new charge be given, the more rapidly it may 
be given. 

Moreover, the greater num"ber of times a secondaiy 
element is charged and discharged, the better it is. In 
the beginning, when it is nearly new, there is an advan- 
tage in polarizing the electrodes, firat in one direction 
and then in the otlier, and in reversing several times the 
direction of the charge ; bnt when the element is formed, 
great care mnst be taken to always charge it in the same 
direction. If this precaution be neglected it will take a 
much longer time to charge it, for the oxide of lead, which 
may still remain tipon one of the electrodes, must be re- 
duced and the previously negative plate oxidized. But 
after this operation the secondai^y cell will ha^a \e«Q\n\<L^ 
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aD it« qiulitiefl : it ma,j indeed be said to hav 

Kig. 54 ehows a peculiar form given to the e 
element by Mr. Plante, and which he has called Saiunf. 
tinderiox. At the top are Been two clamps which holdi 
platinum wire etretchei 
hetween them ; each t 
that, by pressing with th 
finger, the two eprings A 
tiie bottom are brough 
into contact the battery 
Bends a cnrrent throng 
the platinum wire, wluclt 
is thereby brought to ■ 
glowiug red heat, whenoB 
follows an almost ujfitaD- 
taneonB lighting of th8 
candle. With one of these coDtriTancee the candle w&f 
be lighted one hundred times, and it is only after the* 
frequent lightings that it liaa to be recharged with thre 
of Daniell'a cells. That is a means of obtaining fire am 
a very economical means too, for the secondary e 
spends nothing and the charging battery consumes but 
few grammes of sulphate of copper for a prolongt 
working of the tinder-box. 

This same apparatus can be used to touch off i 
BP in civil or military service ; the experiment shoW 
with lino platinum-wire fuses (yj-p o£ an mdl 
FflOmbnstion may be obtained through a copper wire 100 
I yards long. 

With a contrivance of this kind surgeons may canterU 
I A wound, and it has fretjuently been applied in tin 
I w&y, A 8econdai"y eVenvent \a \uwA\ ■ro.we «i*vV^ i 
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VAKIOrS BATTERIES. 251 

ported into a hospital or to the house of a sick person 
thaii active cells which it may replace. 

Finally, secondary eells cau be joined in quantity or in 
intensity and coiietitnte batteries capable of producing all 
tlie effects of the most powerful ordinary battenes. 
Fig. 55 reprosenta the secondary battery ae disposed by 
Mr. Plante. 

The number and dimenflions of the cells can be varied 
according to the tension and quantity desired. Here there 


i j :i' 


lI^hL 


K^tifc^ 4^7':2^r,^:^__^^'^ 


are twenty elements arranged in two rows. At the top 
there is a very conveniently disposed commutatorj which, 
in one position, Joins the cells in quantity; in another 
position, at right angles with the first, it joins them in 
intensity. In the first position all the outer electrodes 
are joined to one metallic strip, and all the inner elec- 
trodes to anotlier metallic strip, so that the whole arrange- 
ment represents a single cell \rith a large surface. It is 
in this condition that the charge is made ■, two of Bun- 
8&i'b cells are sufficient, and they cowvi^Aele 'One AxM'igi \o. 
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a longer or aliorter time, according to the dimeoBions c 
the oella and to tlie extent of the enrface of the lead t 
be polarized. In the second position the outer electrodw^ 
of each cell is put into commDnicatioti with the innerl 
one of the following cell, and the apparatus becomes K 
real battery of twenty cells. It is in this condition thj 
the battery is discharged, and it is eqnal, at lirst starting 
to 30 of Bnnsen'fi very large cells. 

As the battery is being discharged the tension dimis 
ishes, as we explained when speaking of the single E 
ondary element. If it takes one minute to chaige 'thi 
battery of secondary cells in quantity, it cannot be expi 
that the discharge of the cells in intensity will furnish tl 
same effects as 30 of Bnnsen's of the same size during a 
longer period than four seconds, for the apparatus fu^fl 
nishes no electricity and can only transform tliat wliiclil 
has been given to it. Mr. Flaiite has made gome Gx&«t4 
experiments in this direction, and has found that in this 
transformation about one tenth is lost, or, in other words, 
the machine returns nine teutlis of that which was given 
to it. 

It is clearly seen that the secondary battery can only 
produce effects of very short duration, but in most cases 
this is all that is neccesary. J 

If, for instance, a large number of mines are to bel 
simultaneously exploded by means of fuses of fine wire, itfl 
may be done by placing all the fuses in divided cireuitj 
and by causing the current of the secondary battery tfl 
pass through them all at once. This manner of procedinH 
is very economical, and it is certainly less laborious andfl 
costly to mount two of liunsen's cells and to charge mM 
secondary battery than to chai^ 20 or 30 of Bnnsea'M 
e}emetitg, especially wUen llie Wtler^ ia only worked wM 
Jew seconds and only four ot ^ve \Smea Awrfl\?, w-fta.^, m 
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I. ELECTRIC CONDUCTING POWER Or SOLIDS. 
{Ed, Beequerd, — Annales de Chimie et de Physique, 1846.) 



SUBSTAKCBS. 



Silver, pure (reduced from the chloride) 

Copper, pure electro-chemical 

Gold, pure 

Cadmium 

Zinc 

Tin 

Palladium 

Iron 

Lead , 

Platinum 

MercuzT" at 14? eentig 



Metal 
(hard drawn). 



93.448 

89.048 

64.385 

24.574 

24.164 

13.656 

13.977 

12.124 

8.245 

8.042 

1.8017 



Metal 
(annealed). 



100.000 
91.489 
66.458 



12.246 

8.147 
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Conduci 
0« Centig. 


tivityat 
100« Centig. 


Coefficient 

for 
1« Centig. 


Silver, annealed 


100. 

91.517 

64.960 

24.579 

24.063 

14.014 

12.360 

8.277 

7.983 

1.7387 


71.816 

64.919 

48.489 

17.506 

17.596 

8.657 

8.387 

5.761 

6.688 

1.5749 


0.004022 


CoDDer 


0.004097 


Mr... :.::::::.:::.:.:::.::.::: 


0.008897 


(iMmfiiTn, , , . 


0.004040 


Zinc 


0.008675 


Tin 


0.006188 


Iron, annealed 


0.004726 


Lead 


0.004849 


Platinum, annealed , . . x x .^. .... 


0.001861 


Mercury, 'd*«*tilled 


0.001040 
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1 m. CONDUCTIVITY OF LIQUIDS. 

H {Ed. Seeguerel.—Annales tU Chimie el Oe Phyatque, June 1848.) 
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Conductibillty, 


Tl 
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surer 


1.1707 
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1,1707 
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B.l» 
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13 
10 
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08 
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Chloiide of sodium, di- 
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Bichloride of copper, eut- 
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Ave times Ila bulk of 




Bltrete oC ciiW, dflutMl 


Kltrate of ccvper, diluted 

to half... ^r:.. 

mtrate of copper, diluted 
Bulphaca' -H ' iHiii dliuwii 


(Bp.W.l.Bl) 






Thia table Bhcn>B the maiimiim conductibilitleB of the solufJora of nitrate of J 
copper and sulphate ot zinc, but not that of chloride of soiiium. The mail- ■ 



IV. LIQUID RESISTANCES. 

(7bH# (iriwnJVvn) F^eemi?^ Jenkm. Ot^ealated tf Beektr.) 
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VL RESISTANCE OF DIFFERENT IJQUID& 



DncTK ScLTHTKic Acm after 8a- 



if 



1.008 
I.OIS 
1.003 
1.080 
1.147 
1.190 
1.215 
1.2S 
1.25S 
1.277 
1.918 

i.an 

1.4»2 
1.638 
1.726 
1.827 



«» b 












0.5 
2.2 
7.9 
12.0 
29.8 
26.4 
29.0 
aD.9 
34.S 
87.S 
45.4 
50.5 
00.6 
73.7 
81.2 
«.7 



if 






II ! I 



16.1 
15.2 
18.7 
12.8 
13.6 
13.0 
12.3 
1S.6 
1S.5 

i7!9 
14.5 

13.8 
14.3 
16.3 
14.3 



8 



0. 
0. 
0. 
0. 

1 
1 

2. 
4. 
5. 



The above figures show the max- 
imum conductibility of the mir- 
ture to be that of 29 to 30 parts of 
the monohydrate acid for 100 of 
water : a little diflferent from that 
of the preceding table. 









16.01 
5,47 

1.884 
1.308 
0.9<» 
0.871 
0.8» 
.802 
.874 
.990 
.9i3 
.086 
.519 
.?« 
.337 
.33) 
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18.9167 

lS.7«f7 

10.4810 

6.00:9 

3.9964 

1. 




1 
1 
1 
S 
6 
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The above figures are taken frc«ii a me- 
moir of Schmidt : Annate* de Fkiffgen- 
dorff. See Wiedemann, voL L p. 824. 

It is seen that the maximum conducti- 
bility or the minimum resistance of tiM 
sea-salt solution ccNresponds to 24.4 Ux 
lOi^ of water. 

The figures correspond to the Jaoobfs 
standard of resistance, and must be mul- 
tiplied by 598 X 10^ to be brought to elec- 
tro-magnetic absolute measurements. 



Experiments of Hor iff or d, 1847. {See Wiedemann.) 

Chloride of potassium, 27 . 6 grammes in 503 grammes of water 577,100 

diluted to half 1,108.700 

•' •' quarter 2,006,500 

Chloride of sodium, 27.6 grammes in 500 grammes of water 577.100 

diluted to half 1,488,200 

C^oride of calcium, dissolved (sp. w., 1 .04) 672,560 

Chloride of magnesium 672,560 

Chloride of zinc 1,092,500 

Experiments of Wiedemann (1856) /row 18° to 20" Centigrade. 

8ULPHATE-OF-COPPER SOLUTION. 

31 . 17 granunes in one litre of water 7,805.000 

4,202,000 

3,514,000 

3,178,000 

2,567,000 

2,181,000 
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Imtllull 



Iron. 

Ir^/n. 
Zlri*i. 

Zinc. 

Zinc, 

Zinc. 

Zinc. 

ZIn/!. 
Zinc. 
Zinc. 

Zinc. 



Zln«'. 

Zinc. 
I , /Atut. 
I /Atui. 



80,H04-4»HO by 

w<f if(ht 

Hulphuric acid 

Kulphuric acid 1, 

water 4 

Hulphuric acid 1, 

wat4»r 4 

Hulphuric acid 1, 

watAirVZ 

Hulphuric acid 1, 

waU?r 4 

Hulphuric acid 1, 

WAU»rVZ 

Hulphatf) of zinc... 

H«?a«ttlt, NttCn 

Hulphuric acid 1, 

WttU'r 4 

Hulphuric acid 1, I 

wnUivVZ I 

H«ia-Malt 1, water 4 . \ 

I Hlchroniato of j 
f potaHh d. I 



Sulphate of copper. 
Nitric acid 

Nitric acid, faming. 

" (8p.w.l.33) 

" (gp.w.1.33) 

" (gp.w.1.19) 

" (gp.w.1.19) 
'• (8p. w. 1.33) 
" (sp.w. 1.33) 
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Platinum... 

Platinum... 
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Platinum. . . 
Platinum. . . 

Copper. ... 
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Sulphuric acid 
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Copper 

C.axt«3.Tk. 
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It is seen that the Daniell battery may be enperior 
or inferior to the volt, according to tlie proportions of tlie 
mixture of Bulphuric acid and water in wtich the zinc is 
immersed. 

The conclusion to be drawn is that, for a certain com- 
position of this mixture, the electro-motive force of tlic 
Baniell is equal to the volt. Consequently, except for 
researches requiring great precision, the English tmit 
(volt) and the Daniell may be indifferently need. 

The figures given by different ubeervers disagree, as is 
Been from the tables ; these differences may arise from 
varions causes, of which the principal is, no donht, tlie 
difference of composition of the mixture in which the 
zinc is immersed. The table shows that tlie electro-motive 
forces of Danieira and Grove's battery vary with the pro- 
portions of tlie mixture of snlphuric acid and water. It 
seems as if there might be made a very interesting study 
upon this question, searching, for instance, the conditiona' 
I of the maximum electro-motive force of an elcTnent. 

We conclude our tables with secondary batteries having 
electrodes of platinum and of lead (Plante). The ques- 
tion of finding out the maximum foree of polarization of 
a voltameter has been studied by several physicists, and 
it does not seem to have been definitely decided npon.. 
The figures which we give are those of Wheatstone, Whoi 
ivae the first to undertake to AeteTuravft \^, 



CONCLUSION. 



In the preceding chapters we lave studied hydro-electric 
batteries ; that is, apparatus capable of producing electric 
enrreiita by meaiia o£ chemical energy. They are there- 
fore contrivances which transform cliemieal action into 
electricity. 

Thenno-eleetric batteries, of which we have not spoken, 
are contrivances which ti-ansform heat into electricity. 
They have made very important progress of late jeare, 
and everything leads to the belief that before long they 
will be of gi-eat service to industry, whereas up to tliis 
time they have only been of interest to physieiats. 

These two kinds of apparatus are not the only ones by 
which electricity may be prodnced ; tliere arc to he cited 
frictional electrical macliines, electrophori, and macln'nes 
like those of Holtz. 

Bnt another category, that of magneto-electric ninchines, 
has lately assumed a rapidly increasing importance. Enor- 
mous progress has been made, notablyby Gramme, which 
has led to the construction of machines of nnprecedeitted 
power. 

These machines, frictional machines, machines of Holtz, 
magneto-electric machines, are all contrivances which 
transform movement into electricity, and should, there- 
fore, be classed together. 

It appears certain that all the apparatus prodncers of 
electricity that will hereafter be invented will be 



J 




cnjirj.usioN, 



prised in one of tlieae tlireo elaBeee ; in other wore 
does not seem possible to produce electricity without ex- 
pending chemical energy, heat, or movement, because en- 
ergy only presents itself under these four forme. 

Hydro-elect ric batteries have of late years made less 
progress tiian the apparatus of the other two categories,, 
bnt they are still open to improvement, and will eventually 
make important progress. 

First of all, the exact nature of the chemical reactions 
which take place in these batteries must be elucidated ; 
is disgraceful that at the present time it is not known ex- 
actly what goes on in Gi-ove's or Bunsen's batteiy. 

The extremely small but incontestable variations in 
the electro-motive force of even completely depolarized 
batteries, such as that of Daniell, must be explained. 

The variations in the internal resistance must be studied, 
variations which are but incompletely explained by th( 
cliange in the chemical composition of the liquids. 

Finally, new reactions among the infinite number pr& 
seuted by chemistry must be used, and above all %• 
be dispensed with, which has hitherto thrust itself, bo t( 
speak, upoa inventore. 
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